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Industry demand for safety, quality, and productivity requires the routine use of test instruments by electricians, 
maintenance technicians, and other industry personnel. As electrical devices have become more technologically 
complex, taking accurate measurements has become more critical. Increased test instrument capabilities necessitate 
training for safe and efficient measurement of specific electrical quantities. Test Instruments provides an overview 
of typical electrical test instruments used for installation tests, process equipment operation, quality control, and 


troubleshooting activities. 


Test Instruments begins with an introduction to 
safety and test instruments, and then focuses on 
test instruments used for specific applications found 
in industry. Common electrical measurements are 
introduced with an overview of the measurement 
principles and test instrument procedures required. 
Personal protective equipment depicted is based 
on requirements specified in National Fire Protec- 
tion Association standard NFPA 70E, Standard for 
Electrical Safety in the Workplace. Required safety 
practices and common industrial applications are 
emphasized throughout the book. 


Full-color illustrations are used to supplement concise 
text. Procedures for the various measurements are de- 
tailed with sequenced steps. Factoids, Technical Tips, 
and Safety Tips throughout complement the content 
presented. An extensive Glossary and comprehensive 
Appendix offer additional reference material. 
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Test Instruments is one of many high-quality training products available from American Technical Publishers, Inc. 
To obtain information about related training products, visit the American Tech web site at www.go2atp.com. 
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All test instruments and meters are used where 
measurements of electrical properties are required. 
All test instruments and meters have OSHA, manu- 
facturer, facility, and application safety procedures 
(National Fire Protection Association (NFPA) 70E, 
Standard for Electrical Safety in the Workplace) 
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INTRODUCTION TO TEST INSTRUMENTS 


Electricity is a relatively new science when compared to other scientific endeavors. In 600 BC, the Greeks dis- 
covered a substance, amber (fossilized tree sap), that when rubbed against wool, causes other substances to be 
attracted to the amber. The Greek word for amber is the source of our word electricity. In modern terminology, 
the attraction is the result of static electricity and opposite polarities attracting one another. The foundation of 
electrical science is the ability to measure the various phenomena caused by electricity. Science, by definition, 
is the ability to reduce any physical event to a quantitative, numerical value. 


In order for the electrical industry to develop 
and grow to where electricity is so important in 
our lives today, test instruments were developed 
that provide numerical information about how 
electricity behaves. Because the scientists could 
not see electricity, the scientists were dependent 
upon electrical properties that had been defined. 
Instruments developed by scientists measured 
only those electrical properties that people under- 
stood. With the need for new electrical properties 
to describe the characteristics of electricity, all the 
properties were defined in the physical terms of 


the time. See Figure 1-1. Test instruments allow technicians to identify poorly performing equipment, 
circuit faults, and hazardous conditions. 
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MEASURING ELECTRICITY 
_IN THE EARLY 1900s | HISTORY OF MEASUREMENTS 


NU g BM ut Archeologists have determined from exploration 

- | and the limited information of recorded history that 
people had a strong interest in measuring length, 
weight, time, and temperature. Not much has 
changed through the millennia. Modern science still 
relies on accurately measuring length, weight, time, 
and temperature. The only additional contribution by 
science has been to more accurately define, accept, 
and maintain a standard for each measurement. All 
other units of measure are defined and compared to 
the four basic measurements. 


Technical Tip 


Voltmeters that were used in the early 20th century consisted 
of an analog meter (with one scale) with two screw terminals 
used to connect it in series with the circuit. A separate multi- 
Megger Group Limited plier would be added to the circuit if the voltage to be measured 


Figure 1-1. Knowledge about electricity evolved with was greater than the full-scale deflection of the instrument. 
measurement capabilities. 
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There are two parts to any measurement. The 
first part is the actual measurement. The second 
part is a standard to compare the measurement 
against. Any measurement of value is relative 
to something else—and this relationship can be 
expressed in a mathematical formula. Without 
a standard, there is no logical means of com- 
municating the value of a measurement with 
any degree of accuracy, or in a meaningful way. 
Without the ability to accurately communicate 
values of measurement, commerce cannot exist 
or scientific investigations take place. Modern 
electrical measurements are taken and displayed 
during normal circuit operation to provide a 
visual indication of circuit and component per- 
formance. See Figure 1-2. Measurements are 
also taken during troubleshooting to indicate 


any problems in a circuit or help predict possible шеси шон 
future problems. Figure 1-2. Modern electrical measurements are displayed 
numerically and graphically. 
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Length 


The earliest attempt of man to convey length can be described in terms of distance traveled. The term “day’s 
journey” is still used today. However, “day’s journey” is not an accurate standard because, when walking is the 
means of travel, people travel different distances in the same amount of time. When a person runs instead of 
walking, the distance traveled is greater. When a horse, coach, car, train, or jet aircraft is used, the difference 
in distances traveled is tremendous. The Romans refined the distance traveled to a unit of length, the mile. The 
Latin words "milia passuum" mean thousands of paces. A pace consisted of two steps, or approximately 5’. A 
thousand paces approximately equals 5000’, or about one mile (5280’). See Figure 1-3. 


METRIC AND U.S. UNITS OF LENGTH 


meter (m) yard (yd) 
1 decimeter (dm) = 0.1 m 1 foot = T yd = 12” 


І centimeter (ст) = 0.01 m 


1 millimeter (mm) = 0.001 m 

1 m= 10 dm = 100 cm = 1000 mm уй =з 
kilometer (km) І rod = 5.5 yd 
1 kilometer = 1000 m mile = 1760 yd 


] meter 1,000 3.281 
1 millimeter 1 3.281 x 10° 
1 foot 304.8 1 
] inch 25.4 0.0833 


Figure 1-3. Measurements of length were first defined by parts of the body, for example using shoulder-to-hand or elbow-tohand 
distances. 


One of the earliest standards for the measure of length was the cubit, which was developed in ancient Egypt. The 
cubit was used as a standard of length as long ago as 3000 BC. The length of the cubit was defined as the length of the 
forearm from the elbow to the tip of the middle finger (approximately 21”). Cubit sticks used to make measurements 
of length were compared to the royal cubit at regular intervals. The royal cubit stone used to develop the standard 
had distinct markings that divide the length of the stone into smaller units. The basic subunit of the royal cubit stone 
is the digit. There are 28 digits to a cubit. Four digits equal a palm, with five digits equaling a hand. Twelve digits, 
or three palms, equal a small span, and 24 digits equal a large span. The digit is also subdivided on the stone. The 
14th digit of the royal cubit stone is subdivided into 16 equal parts. The 15th digit is divided into 15 parts, and so on, 
to the 28th digit, which is divided into two equal parts. The smallest division of Ив of a digit is equal to Yaas of the 
royal cubit. The accuracy of the cubic system of measurement is attested to in the Great Pyramid of Giza. Although 
thousands of cubit sticks were used in the construction of the Great Pyramid, the sides of the pyramid vary no more 
than 0.05% from the mean length of 230.364 m. See Figure 1-4. 
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EARLY 1900s FREQUENCY GENERATOR 


Figure 1-4. By the early 1900s the accuracy of length 
measurement had progressed to the point of allowing electri- 
cal equipment to be created. 


One ofthe mostsignificant outcomes of the French 
Revolution was the establishment of the metric system 
(SI). The meter was established as the basic unit for 
measuring length. The meter was defined as 10000000 
of the distance of the meridian passing through Paris 
from the North Pole to the Equator. France adopted 
the metric system in June, 1799. A platinum-iridium 
bar was cast and cut to the exact length required for 
use as the standard. In 1840, due to the superiority 
of the metric system over older systems, the metric 
system was given official sanction. 

The United States adopted the metric system 
in 1875 and was issued a Prototype #27 bar from 
the International Bureau of Weights and Measure. 
Even though the United States used the customary 
British system of weights and measure, length was 
legally defined in reference to the length of the 
standard meter. For example, the yard is equal to 
0.9144 times the length of the meter, and an inch 
equals 2.54 centimeters. With the unit of length 
defined, defining area and volume was possible. 

Area is a multiple of length and width. The 
standard unit of area is the square meter (m?). 
When an area has a side equal to 50 m and an- 
other side (at 90?) equal to 40 m, the area equals 
2000 square meters (50 m x 40 m = 2000 m’). 
In the case of volume, the defined area is three- 
dimensional. The standard unit for volume is the 
cubic meter (m?). A box measuring 2 meters in 
length, width, and height contains 8 cubic meters 
(2mx2mx2m=8 m’). See Figure 1-5. 


British units of area and capacity such as 
the acre and the quart can be referenced math- 
ematically to the metric system. Land area in the 
metric system is measured with the hectare (ha), 
which is defined as 10,000 m°. One acre equals 
0.404686 ha. The unit of measure of capacity 
in the metric system is the liter (1). The liter is 
equal to 1 cubic decimeter (0.001 m°). The quart 
is equal to 0.946353 1. 

Modern length measurements are taken during 
all phases of electrical equipment installation. 
Estimated measurements are taken when running 
and cutting wire or conduit, estimating the cost 
of a project, and other applications in which an 
exact measurement is not always required. Ac- 
curate measurements are required when bending 
conduit, mounting motors, and installing electrical 
equipment. Accurate measurements are measure- 
ments that provide information for use in the 
real world, but are not mathematically exact. See 
Figure 1-6. 


Weight 

The oldest known weight standards date to 
4000 BC, which used stones used to balance 
scales for the measurement of gold in Egyptian 
temples. Babylonians used seeds or grain as 
weight standards. The United States still uses 
a unit called the grain to measure the weight of 
drugs and precious metals. 

A system of weights and measures was devel- 
oped in China that was completely separate from 
the Mediterranean-European systems. The Chi- 
nese system exhibits all the same characteristics 
as the western systems such as using parts of the 
bodv as the source of the units. The Chinese sys- 
tem was chaotic in that there was no relationship 
between various types of units such as length and 
volume. Shih Huang Ti, who became emperor of 
China in 221 BC, provided the first standards. The 
basic weight, the "shili" or the “tan,” was fixed 
at approximately 132 lb. A noteworthy contribu- 
tion of the Chinese system was an allowance for 
a decimal notation on foot rulers as long ago as 
the sixth century BC. 


METRIC UNITS OF AREA 


square meter (m?) 
square decimeter (dm?) 2 0.01 m? 
square centimeter (cm?) 2 0.0001 m? 
square millimeter (mm?) = 0.000001 m? 
square kilometer (km?) = 1,000,000 m? 
hectare = 10,000 m? 


METRIC AND U.S. UNITS OF AREA 


U.S. UNITS OF AREA 
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square yard (yd?) = 9 ft? 
square foot (ft?) = 144 in? 
square inch (in?) 
square rod = 30.25 yd? 
acre = 4840 yd? 

square mile = 640 acres 


І square meter 
1 square centimeter 
1 square foot 


10% 
0.0929 


METRIC AND U.S. UNITS OF AREA RELATIONSHIP 


10.764 
0.00108 
1 


І square inch 6.452 x 10° 0.00694 


Figure 1-5. Once standard length measurements had been defined, two-dimensional area and three-dimensional volume 


measurements were defined. 


Western culture received the unit of weight 
from the Romans. The unit “libra” acquired a 
Germanic name in parts of northern Europe, but 
still retained a Roman identity in the English 
abbreviation of pound (Ib). The troy pound, for 
weighing precious metals, was only 12 oz (troy). 
In 1963 the British accepted the metric system as 
the standard for the country. See Figure 1-7. 

In the metric system, the kilogram is the unit of 
measure for mass. A kilogram equals the weight 
of 1000 cm? of water at 4°C. Water density is the 
greatest at a temperature of 4°C (39.2°F). One 
pound equals 0.453592 kg. A kilogram equals 
2.204624 lb. Mass is used as the standard instead 
of weight. Weight differs with the pull of gravity. 
For example, an astronaut who weighs 165 lb 
on Earth has no weight when in space. Weight 
is equal to mass multiplied by the acceleration 
due to gravity. The acceleration due to gravity is 
measured in meters per second squared (m/s?). 
The pull of gravity varies slightly across the 
surface of the Earth according to latitude. 
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Figure 1-6. A laser distance estimator is used to take 
measurements without the use of a tape measure. 


A unique characteristic of the Chinese system 
was the inclusion of an acoustical measurement. A 
standard vessel used for measuring grain or wine 
was defined by the pitch of the vessel when the ves- 
sel was struck. The vessel having the proper weight 
would also have the proper pitch when struck. The 
ancient Chinese words to describe the acoustical 
standards still mean “wine bowl,” “grain measure,” 
and “bell” in the Chinese language today. 


Gravity is an accelerating unit. When a body 
is dropped in a vacuum, the body falls 16.08 feet 
the first second and is traveling 32.16 ft/s at that 
instant. Weight measurements are specified for 
electrical equipment to aid in the installation of the 
equipment. For example, lamp fixtures are mounted 
using one of several different methods, depending 
on the weight of the fixture. See Figure 1-8. 
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T METRIC AND U.S. UNITS OF WEIGHT 


а (MASS) 


1 kilogram (kg) = 10009 | 1 pound (Ib) = 16 oz 


1 gram (g) = 0.001 kg 1 ounce (oz) us Ib 


1 metric ton (t) = 1000 kg 


1 slug = 32.17 Ib 
1 short ton = 2000 Ib 
1 long ton = 2240 Ib 


METRIC AND U.S. UNITS OF WEIGHT RELATIONSHIP 


1 kilogram 
1 pound 
1 slug 


Figure 1-7. The standard unit of weight in the metric system is 
the gram. For the U.S. system the standard unit is the pound. 
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Time 

In earliest human history, time was probably 
measured in terms ef the rising and setting of the 
sun. The calendars of the ancient Egyptians and 
Babylonians are some of the oldest artifacts show- 
ing the interest of these cultures in the passing of 
time. Later, sundials and water clocks were used to 
measure shorter periods of time. The Babylonians 
had a number system based on 60. The Babylonians 
believed the year consisted of 360 days. The 360- 
day year led to fractions such as Yo which are still 
used in astronomy and for the minutes and seconds 
of a day. The Babylonians determined time by the 
relationship of the movements of the Earth to the 
stars. However, the speed of the Earth changes 
during the year, causing a discrepancy between in- 
tervals. A standard time measurement was required 
for modern science. See Figure 1-9. 
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OVER 20 LB 


Figure 1-8. Weight capacities are provided by manufacturers to ensure safe installation of electrical equipment. 
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Scientists believed time to be a fundamental quantity that can be measured accurately like length and mass. 
Albert Einstein realized that time measurements are affected by the relative motion between two objects. 
Because of the work of Einstein, time became known as the fourth dimension. The metric system adopted the 
second as the standard unit of measurement for time. Today, time is part of some electrical measurements to 
provide an understanding of how a circuit is operating and to determine possible problems. For example, volt- 
age measurements together with time are used to define momentary power interruptions (0 V for 0.5 cycles to 


3 seconds), temporary power interruptions (0 V for 3 seconds to 1 minute), and sustained power interruptions 
(0 V for more than | minute). See Figure 1-10. 


second (s) 
minute (min) 
hour (h) 

day (d) 
year (y) 


Figure 1-9. The standard unit of time in the metric and 
U.S. systems of measurement is the second. 


‘METRIC AND U.S. UNITS OF TIME 


| Technical Тір | Tip 


1 min = 60s TIME MEASUREMENT ACCURACY 

1 h = 60 min Cesium-beam atomic clocks measure frequency with 
19= 24h an accuracy of 2 to 3 parts in 1014 (0.002 Hz). This 
1 y = 365.26 d 


time measurement is accurate to 2 nanoseconds 
per day or one second in 1,400,000 years. Currently, 
it is the most accurate time measurement that has 
been achieved. 


USING TIME WITH ELECTRICAL MEASUREMENTS 
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Figure 1-10. Voltage and current measurements can be taken over time using a power quality analyzer to show changes 


in the circuit. 
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Temperature 

Measurements of temperature appeared late in history. Galileo is credited with the invention of the first ther- 
mometer, the “thermoscope,” in 1593, but the thermoscope was not very accurate. An accurate thermometer 
was invented in 1641 using alcohol. Thermometers were continually improved until 1714 when Gabriel Daniel 
Fahrenheit built the mercury thermometer, which is used today. The centigrade (Celsius) scale came about 
in 1742 through the work of Andrew Celsius. Both thermometers have scales based on the freezing and boil- 
ing points of water. The Fahrenheit temperature scale uses 32° as the freezing point of water and 212° as the 
boiling point of water. The Celsius temperature scale uses 0° as the freezing point of water and 100° as the 
boiling point of water. See Figure 1-11. 

Lord Kelvin of England developed another thermometer. This was a gas thermometer with its 0° mark set 
at absolute zero. The metric system uses the Kelvin scale as the standard for the measurement of temperature. 
Absolute zero is the lowest theoretical temperature that a substance can reach, which corresponds to —273.16° 
on the Celsius scale and —459.67? on the Fahrenheit scale. The Kelvin scale is based on the fact that a gas 
at 0°C loses 1273 of its volume when the temperature of the gas is lowered to —1?C. In theory, the gas will 
disappear at —273.16°C, or at absolute zero. At 0 K, all molecules are at absolute rest with no motion, and a 
substance possesses no heat. In fact, all gases change to liquids and then to solids prior to reaching absolute 
zero. Helium 3 is used to get within a fraction of a degree of absolute zero before helium 3 solidifies. The 
lowest temperature ever achieved has been within a few millionths of a degree of absolute zero. 


CELSIUS AND FAHRENHEIT TEMPERATURE SCALE EQUIVALENTS 
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Figure 1-11. Both the Celsius and Fahrenheit temperature scales base temperature measurements on the boiling point and 
freezing point of water. 


о —————— A I I IE I EL a елим OE OLE I 


At absolute zero, any volume of gas will disap- 
pear. Temperatures on an absolute zero scale are 
called “degrees absolute". The absolute zero scale 
in centigrade is often called the Kelvin scaie, and 
degrees of temperature are kelvins (K). When us- 
ing the Fahrenheit scale, absolute temperatures are 
degrees Rankine (°R). Absolute temperatures are 
determined on the Celsius scale by adding 273° 
to the reading. For example, at 0°C the absolute 
value is 273 K. For the Fahrenheit scale, add 
460°. At 32°F, the freezing point of water, the 
absolute value is 492°R. Modern temperature 
measurements are required when troubleshoot- 
ing or when performing preventive maintenance 
tasks. See Figure 1-12. 


KELVIN AND RANKINE 
TEMPERATURE 


Water boils 


50°F 


Water freezes 


Absolute 


Figure 1-12. Both Kelvin and Rankine scales are absolute 
zero temperature scales. 


SAFETY LABELS 


A safety label is a label that indicates areas or 
tasks that can pose a hazard to personnel and/or 
equipment. Safety labels appear several ways on 
equipment and in equipment manuals. Safety la- 
bels use signal words to communicate the severity 
of a potential problem. The three most common 
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Danger Signal Word 


Danger is a signal word that indicates an immi- 
nently hazardous situation which, if not avoided, 
will result in death or serious injury. The informa- 
tion indicated by a danger signal word indicates 
the most extreme type of potential situation, and 
must be followed. The danger symbol is an excla- 
mation mark enclosed in a triangle followed by the 
word danger written boldly in a red box. 


Warning Signal Word 


Warning is a signal word that indicates a potential- 
ly hazardous situation which, if not avoided, could 
result in death or serious injury. The information 
indicated by a warning signal word indicates a 
potentially hazardous situation and must be fol- 
lowed. The warning symbol is an exclamation 
mark enclosed in a triangle followed by the word 
warning written boldly in an orange box. 


Caution Signal Word 


Caution is a signal word that indicates a poten- 
tially hazardous situation which, if not avoided, 
may result in minor or moderate injury. The 
information indicated by a caution signal word 
indicates a potential situation that may cause a 
problem to people and/or equipment. A caution 
signal word also warns of problems due to unsafe 
work practices. The caution symbol is an exclama- 
tion mark enclosed in a triangle followed by the 
word caution written boldly in a yellow box. 

Other signal words may also appear with the 
danger, warning, and caution signal words used 
by manufacturers. ANSI Z535.4, Product Safety 
Signs and Labels, provides additional information 
concerning safety labels. Additional signal words 
may be used alone or in combination on safety 
labels. Additional signal words used by electric 
motor drive manufacturers are electrical warning 
and explosion warning. 


Technical Tip : 


Information on safety labels may be communicated using 
symbols or may be preceded by the word “warning” written 
in bold type. 


signal words are danger, warning, and caution. 
See Figure 1-13. 
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SAFETY LABELS AND SIGNAL WORDS 


eS ies WORD 


BOX COLOR 


SAFETY LABEL 


SIGNIFICANCE 


DANGER - INDICATES AN IMMINENTLY 
HAZARDOUS SITUATION WHICH, 

IF NOT AVOIDED, WILL RESULT IN 
DEATH OR SERIOUS INJURY 


HAZARDOUS VOLTAGE 

* Ground equipment using screw provided. 
Electric motor drive panel must be properly 
grounded before applying power. 

* Do not use metallic conduits as a ground conductor. 

Failure to observe these precautions will cause shock or 

burn, resulting in severe personal injury or death! 


WARNING - INDICATES A POTENTIALLY 
HAZARDOUS SITUATION WHICH, 

IF NOT AVOIDED, COULD RESULT 

IN DEATH OR SERIOUS INJURY 


MEASUREMENT HAZARD 


When taking measurements inside the electric motor 
drive, make sure that only the test lead tips touch intemal 


CAUTION - INDICATES A POTENTIALLY 
HAZARDOUS SITUATION WHICH, 

IF NOT AVOIDED, MAY RESULT IN 
MINOR OR MODERATE INJURY, OR 
DAMAGE TO EQUIPMENT. 

MAY ALSO BE USED TO ALEHT 
AGAINST UNSAFE WORK PRACTICES 


MOTOR OVERHEATING 


This drive controller does not provide direct thermal 
protection for the motor. Use of a thermal sensor in 
the motor may be required for protection at all speeds 
and loading conditions. Consult motor manufacturer 
for thermal capability of motor when operated over 
desired speed range. 

Failure to observe this precaution can result in equipment 
damage. 


ELECTRICAL WARNING - INDICATES 
A HIGH VOLTAGE LOCATION AND 
CONDITIONS THAT COULD RESULT IN 
DEATH OR SERIOUS INJURY FROM 
AN ELECTRICAL SHOCK 


EXPLOSION WARNING - INDICATES 
LOCATION AND CONDITIONS WHERE 
EXPLODING ELECTRICAL PARTS MAY 
CAUSE DEATH OR SERIOUS INJURY 


Figure 1-13. Safety labels are used to identify situations for different degrees of possible injury to personnel or death. 


Electrical Warning 


An electrical warning is a warning used to indi- 
cate a high voltage location and conditions that 
could result in death or serious personal injury 
from an electrical shock if proper precautions are 
not taken. The electrical warning safety label is 
usually placed where there is a potential for com- 
ing in contact with live electrical wires, terminals, 
or parts. The electrical warning symbol is a light- 
ning bolt enclosed in a triangle. The safety label 
may be shown with no words or may be preceded 
by the word warning written boldly. 


Explosion Warning 


An explosion warning is a warning used to indi- 
cate locations and conditions where exploding 
parts may cause death or serious personal injury 
if proper precautions and procedures are not 
followed. The explosion warning symbol is an 
explosion enclosed in a triangle. The safety label 
may be shown with no words or may be preceded 
by the word warning written boldly. 


SAFETY AND TEST INSTRUMENT 
PROCEDURES 


Proper equipment and procedures are re- 
quired when taking measurements with test 
instruments. To take and interpret a displayed 
measurement, the test instrument must be 
properly set to the correct measuring position 
and properly connected into the circuit to be 
tested, and the measurement read. There is 
always the possibility that the test instrument 
or meter will not be properly set to the correct 
function or to the correct range, and/or misread. 
Test instruments not properly connected to a 
circuit increase the likelihood of an improper 
measurement or meter reading, or creating an 
unsafe condition. 


Danger signal 
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Function Switch and Selector Switch 
Settings 

Ensure that the function switch of a meter 
matches the desired measurement and the con- 
nection of the test leads to the circuit. Before 
taking a measurement, a meter must be set to 
the correct function switch position for the mea- 
surement to be taken. For example, the function 
switch of a meter must be set to the correct 
voltage position (VAC, VDC, or mVDC) when 
measuring voltage, and the correct current posi- 
tion (A or mA) when measuring current. Some 
meters may require that the function switch be 
set to voltage or current, and a selector switch 
is used to select the desired range. The test 
leads of the test instrument or meter must also 
be moved to the proper jack positions to take a 
voltage measurement or a current measurement. 
See Figure 1-14. 


words indicate hazardous conditions which, if not avoided, can 
result in serious injury or death. 
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FUNCTION AND SELECTOR SWITCH SETTINGS. 


READ CURRENT | | 
MEASUREMENT | I! -&B SET FUNCTION 
DISPLAYED Є SWITCH TO 
СЭ READ VOLTAGE PROPER 
SET FUNCTION DISPLAYED SETTING 


PLUG RED 
TEST LEAD INTO 
CURRENT JACK ЄЎ 


SWITCH TO AC 
VOLTAGE ( v) @ РУ PLUG BLACK 


TEST LEAD INTO PÐ PLUG BLACK 


TEST LEAD 
COMMON JACK INTO COMMON 
Kp PLUG RED TEST VEM - 
AMPERAGE 
ade LEAD INTO TEST LEAD ($4 
VOLTAGE JACK 
TEST LEAD 


TURN 
Ө сомест Lower OFF 


DISCHARGE 
TEST LEAD БОП 
IF POSSIBLE 


TO CIRCUIT 


СЭ CONNECT 
COMMON 
TEST LEAD 


GROUND 


— ||| 


Z8 


115 VAC 


CORRECT VOLTAGE MEASUREMENT TURN POWER OFF. 


CONNECTION REMOVE DMM CIRCUIT 


FROM CIRCUIT Ò- -Өтовм Bans 


CORRECT CURRENT MEASUREMENT 


CONNECTION 
FUNCTION SWITCH INCORRECTLY SET 
TO VOLTAGE POSITION 


RED LEAD PLUGGED 
INTO CURRENT JACK 


BLACK LEAD PLUGGED 
INTO COMMON JACK 


À WARNING 


Incorrect settings may cause injury 


and/or equipment damage 


Figure 1-14. A voltage or current measurement requires the proper function switch position with test leads moved to the 


jacks required for that measurement. 


Always ensure that the test leads are in the jacks that correspond to the setting of the meter function and 
selector switch before taking a measurement. The importance of verifying that test lead Jack position corre- 
sponds to the settings of the meter before taking any measurement cannot be overemphasized. When the test 
leads of a test instrument or meter are connected to the amperage jacks (A, mA, or НА), the resistance of the 
meter is very low (typically less than | О), and when connected to an energized circuit for voltage measure- 
ment, the test instrument or meter creates a short circuit. 
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Connecting the test leads of a test instrument or meter to the amperage jacks and setting the function and 
selector switches to a voltage measurement position for measurement is the main reason meter fuses blow 
(when the meter has fuses) and the end of the test leads become burnt. When a test instrument or meter does 
not have fused amperage jacks, the meter circuits become the fuse and personal injury can result. In addition 
to fusing the current jacks, some test instruments and meters also include an audible warning to help prevent 
improper jack usage for the meter setting. Some meters emit a sound (constant audible warning) when the test 
leads are connected in the current jacks and a noncurrent mode is selected. Audible warnings also help protect 
against the common mistake of leaving the test leads plugged into the current input jacks and attempting a 
voltage measurement. Prevent the nuisance of blowing DMM fuses due to operator error and reduce the risk 
of damage to the DMM and equipment. 


© Touch the tip of the red test lead to the high 
current terminal (A) of the test instrument or 
meter. Move the test lead tip of the test lead 
probe around until a reading is obtained. A 
low resistance reading should be displayed. 
Consult the user’s manual for exactly what 
the reading should be. When the meter reads 


Meter Fuses 


Never assume that the fuses of a test instru- 
ment or meter are good. Most test instruments 
and meters have fuses that are part of the 
current-measuring circuits. The fuses prevent 
possible injury and/or meter damage when the 
meter is not properly connected to a circuit. 


Meter fuses must be tested prior to taking any 
current measurements. A blown (open) fuse 
prevents the measurement of any circuit current, 
even when current is present in the circuit. A 
dangerous situation is created in which the per- 
son taking the measurement believes that there 
is no current in the circuit (or that the circuit is 
not energized) because the meter is not display- 
ing acurrent measurement. Most test instrument 
and meter manufacturers specify procedures for 
testing fuses. When a fuse-testing procedure is 
not provided, the fuses must be removed and 
tested with a separate meter or the fuses can be 
tested by using the meter on a low-current (few 
milliamps) test circuit known to be operating. A 
typical fuse-testing procedure provided by the 
manufacturer lists basic steps. See Figure 1-15. 
To test the fuses of a test instrument or meter, 
apply the following general procedures: 


© Set the function switch of the test instrument 
or meter to resistance. 


Ө Plug the red test lead into the voltage jack of 
the meter. 


OL, replace the fuse and retest. 


Ө Touch the red test lead tip to the DMM low 
current terminal (mA/uA). Move the test 
lead tip within the terminal until a reading 
is obtained. A resistance reading should be 
displayed (and usually will be higher than the 
“A” jack reading). Consult the user’s manual 
for exactly what the reading should be. If the 
DMM reads OL, replace the fuse and retest. 


Ө Turn the meter OFF and remove the test lead. 


Replacement fuses used in test instruments must be the type specified by 
the manufacturer for safe operation of the test instrument. 
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Figure 1-15. For maximum safety, test instrument fuses must be tested prior to taking any current measurements. 


Meter Prefixes and Symbols 


Understanding meter prefixes and meter symbols used as part of the reading displayed on a test instrument or 
meter is a must. Test instruments use prefixes and symbols when displaying measurements. There are big dif- 
ferences among displayed measurements of 12 VDC, 12 VAC, 12 mVDC, 0.12 kVDC, 0.12 VAC, -12 VDC, 
or -12 mVDC. Always consider every prefix and symbol included in the display when interpreting a measure- 
ment. See Figure 1-16. 


Proper Test Instrument Applications 


Choose the correct test instrument for the applica- 
tion. Any test instrument is designed for taking 
measurements on some type of application, but not 
for all applications. Using the proper meter in an 
application ensures that an accurate measurement 
is taken. Using an incorrect meter in an applica- 
tion may mean that the displayed measurement 
is not correct, and can be over 100% in error. For 
“True RMS* — Opticil RS232 example, only a meter marked “TRUE RMS” can 
— be used when taking a measurement on a circuit 
that includes solid-state components that distort 
the shape of AC sine waves (motor drives, PLCs, 
computers, and printers). See Figure 1-17. 


Abbreviations and symbols identify the types of measurements selectable 
with multimeter function switches. 
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TEST INSTRUMENT PREFIXES AND SYMBOLS 


COMMON ELECTRICAL QUANTITIES 


vet | name Uni of Measure 

voltage 

current 

Power | Symbol | Prefix | Equivalent | 


power (apparent) 


capacitance farad — F 


inductance __ henry — Н 


impedance ohm — Q 

conductance siemens — S 

frequency hertz — Hz i 0.000001 
period second — s 0.000000001 


Me Hr 


Figure 1-16. Test instruments use multiple prefixes and symbols when displaying a measurement. 


Test Instrument Limits 


Understanding the range limits (specifications) of a test instrument is critical to acquiring accurate measure- 
ments. All test instruments and meters have specified measuring limits and ranges. For example, a meter that 
includes a frequency-measuring position (selection) can be used to measure the frequency (Hz) of an AC 
voltage (or current) measurement. However, in some applications such as AC drives, the frequency measure- 
ment range of a meter may not be accurate or even make sense because the meter cannot accurately measure 
the power line frequencies that the motor is receiving (0 Hz to about 100 Hz) because all AC drives produce 
a carrier frequency on the motor power lines. Carrier frequency is the frequency that controls the number of 
times the solid-state switches in the inverter section of a pulse width modulated (PWM) variable frequency 
drive turn ON and turn OFF per second. The carrier frequency is typically between 2 kHz and 20 kHz. See 
Figure 1-18. Only a meter designed for taking frequency measurements on variable frequency drives can be 
used to take an accurate frequency measurement at the motor (or out of the drive). The meter is designed to 
distinguish the difference between the power frequency and the carrier frequency and will only display the 
power frequency. Always verify the measuring limits of a meter and the meter type when a measurement does 
not appear correct. Verify that the proper meter is being used for each application at all times. 
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Figure 1-17. Test instruments marked “TRUE RMS” should be used when taking measurements on circuits that include solid- 
state components. 


Analog versus Digital Test Instruments 


Both analog and digital test instruments and meters are available for taking basic electrical measurements such as 
voltage, current, and resistance and other nonelectrical measurements such as temperature and pressure. Analog 
test instruments and meters were in use for years before digital meters were invented. However, the use of analog 
test instruments and meters is declining as manufacturers produce digital meters. The main reason for the increase 
in the use of digital electronic technology is that digital meters have far greater measuring capabilities than analog 
meters, in a much smaller space. 
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FREQUENCY MEASUREMENT ON VARIABLE FREQUENCY DRIVES 
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Figure 1-18. Only true rms test instruments and meters are designed to take accurate frequency measurements on variable 
frequency drives. 


Analog and Digital Test Instrument Advantages and Disadvantages 


There are advantages and disadvantages to both analog and digital test instruments and meters. In some cases 
the function of a test instrument or meter can be an advantage or disadvantage, depending upon the application 
an electrician is using the meter with. For example, most digital multimeters have an “autoranging” capability. 
Autoranging allows a meter to automatically adjust to a higher range setting if the set range is not high enough 
for the application. The advantage of autoranging is that only the measuring function must be selected (volt- 
age, current, or resistance) and the meter will automatically select the best range (400 mV, 4 V, 40 V, 400 uA, 
or 4000 mA range). The disadvantage of autoranging is that when a meter is set to a selected measurement such as 
VAC, the meter can display a measurement before being connected to the circuit (ghost voltage). See Figure 1-19. 
The test instrument or meter is programmed to search for any voltage, no matter how small, and therefore the meter 
automatically selects the most sensitive mV range (400 mV). The displayed millivolt value may be misinterpreted 
as an actual voltage measurement. Ghost voltages are also to blame when a meter is connected to a circuit that 
has no power and the meter displays readings such as 108 mV, 213 mV, or 455 mV. The display of ghost voltages 
can be eliminated on some meters by selecting the manual range (RANGE button) mode on the meter. The meter 
requires that range be manually set to a higher setting, such as the 400 V range or the 4000 V range. 
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Figure 1-19. Digital test instruments display ghost voltages 
caused by electromagnetic interference. 


Analog test instruments and meters have other ad- 

vantages over digital meters such as the following: 

* Analog test instruments and meters are less 
susceptible to noise (magnetic field coupling) 
and thus do not display ghost readings as easily 
as digital meters. 

* Analog test instruments and meters have a 
lower input impedance (resistance), which 
reduces false readings from induced ghost 
voltages. 

* Analog test instruments and meters have been 
around much longer and some electricians are 
more comfortable with what has worked in the 


* Analog test instruments and meters are less 


accurate (for example, typical voltage mea- 
surements are within 196 to 5%, depending on 
meter specifications). 

Analog test instruments and meters have 
lower input impedance (resistance), which 
can load down sensitive circuits when taking 
measurements. 

Analog test instruments and meters offer only 
basic protection using fuses. There is no pro- 
tection such as an audible input alert (available 
with digital meters) that warns when a selector 
switch position does not match the position of 
the test leads (for example, the meter is set to 
measure voltage, but the test leads are plugged 
into the amperage jacks). 

Analog test instruments and meters cannot 
offer features that require a digital electronic 
circuit, such as autoranging, MIN MAX func- 
tion, Recording function, Measurement Hold 
function, or Relative function. 

Digital test instruments and meters have advan- 


tages over analog meters such as the following: 
* Digital test instruments and meters display 


measurements as numerical numbers, not a 
scale position, and are less likely to be misread 
unless the prefixes and symbols accompanying 
numerical values are misapplied. 

Most digital test instruments and meters are 
autoranging. Once a measuring function such 
as VAC is selected, the meter will automatically 
select the best meter range for taking the measure- 
ment (400 mV, 4 V, 40 V, 400 V, or 4000 V). 
Digital test instruments and meters are more 
accurate (typical voltage measurements are 
within 0.01% to 1.5%, depending on meter 
specifications). 


past. 

Analog test instruments and meters also have 
disadvantages compared to digital meters such 
as the following: In some situations, digital test instruments are more forgiv- 
e Analog test instrument and meter scales can be ing of operator error than analog test instruments. When 


a digital meter shows a negative value, typically the probes 
are backwards. Disconnect the probes from the device being 
tested and reconnect in reverse. Probes connected backwards 
on analog test instruments may show no reading and may 
even damage the movements of the instrument. 


misread, especially when a meter has multiple 
settings (1 V, 10 V, 25 V, 50 V, 250 V) used with 
the same display scale. 
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* Digital test instruments and meters have a 
high input impedance (resistance), which will 
not load down sensitive circuits when taking 
a measurement. 

* Digital test instruments and meters offer spe- 
cial functions such as Autoranging, MIN MAX 
function, Recording function, Measurement 
Hold function, and Relative function. 

* Some digital test instruments and meters come 
with downloading capabilities, which when 
used with software allow for measurement data 
recording and manipulation. 


Digital test instruments and meters also have 
disadvantages compared to analog meters such as 
the following: 


* Digital test instruments and meters can display 
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ghost readings (mV or V readings) when the Digital test instruments can provide greater accuracy than analog test 


meter is in the automatic range setting mode. instruments. 
* Some digital test instrument and meter models 
offer so many features that the meters can be 
intimidating to use before the measurement func- 
tions are all understood and used a few times. 


WARNING _ 


* Digital test instruments and meters require time 
(seconds) to acquire a reading when the source 
is changing. 


Prior lo using electrical test equipment, refer to the user's 
manual for proper operating procedures, safety precautions, 
and limits. 


ELECTRICAL MEASUREMENT SAFETY 


Electrical measurements are taken with electrical test instruments designed for specific tasks. Test instruments 

such as voltage testers, analog and digital multimeters, clamp-on ammeters, and power quality meters mea- 

sure electrical quantities such as voltage, current, power, and frequency. Each meter has specific features and 
limits. The user's manual details specifications and features, proper operating procedures, safety precautions, 
warnings, and allowed applications. 

Conditions can change quickly as voltage and current levels vary in individual circuits. General safety 
precautions required when using test instruments include the following: 

e When a circuit does not have to be energized (as when taking a resistance measurement or checking diodes 
and capacitors in a circuit), lockout and tagout all equipment and circuits to be tested. 

* Never assume a test instrument is operating correctly. Check the test instrument that will be measuring 
voltage on a known (energized) voltage source before taking a measurement on an unknown voltage source. 
After taking a measurement on an unknown voltage source, retest the test instrument on a known source 
to verify the meter still operates properly. 

e Always assume that equipment and circuits are energized until positively identified as de-energized by 
taking proper measurements. 
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e Never work alone when working on or near 
exposed energized circuits that may cause an 
electrical shock. 

* Always wear personal protective equipment 
(safety glasses, insulating gloves, cover gloves, 
arc flash protection) appropriate for the test 
area. See Figure 1-20. 


PROCEDURAL SAFETY 


JN WARNING 


• Follow all electrical safety practices and procedures 


e Check and wear personal protective equipment (PPE) 
for the procedure being performed 


• Perform only authorized procedures 
» Follow all manufacturer recommendations and procedures 
Figure 1-20. The four warning procedures used in proce- 


dural lists are typically used to encompass many aspects of 
safety for an electrician. 


* Ensure that the function switch of a test in- 
strument or meter is set to the proper range 
and function before applying test leads to 
the circuit. A test instrument set to the wrong 
function can be damaged. For example, dam- 
age can occur when test leads contact an AC 
power source while the meter is set to measure 
resistance or continuity. 

* Ensure that the test leads of the test instru- 
ment or meter are connected properly. Test 
leads that are not connected to the correct 
jacks can be dangerous. For example, at- 
tempting to measure voltage while the test 
leads are in the amperage jack produces a 
short circuit. For additional safety, use a me- 
ter that is self-protected with a high-energy 
fuse. Follow the operating instructions in the 
user's manual or the directions on the graphic 
display for proper test lead connections and 
operating information. See Figure 1-21. 


When using a test instrument or meter, 
ensure that the function switch is set to the 
proper range and function before connecting 
test leads to a circuit. When using a graphic 
display meter, verify that the proper screen 
(voltage or current measurement and power 
measurement) is selected. 

Start with the highest range when measur- 
ing unknown values. Using a range that is 
too low can damage the meter. Attempting 
a voltage or current measurement above the 
rated limit can be dangerous. 

Connect the ground test lead (black) first, 
the voltage test lead (red) next. Disconnect 
the voltage test lead (red) first, and the 
ground test lead (black) next after taking 
measurements. 

Whenever possible, connect test leads 
to the output side (load side) of a circuit 
breaker or fuse to provide better short 
circuit protection. 

Never assume that a circuit is de-energized 
orequipment is fully discharged. Capacitors 
can hold a charge for a long time— several 
minutes or more. Always check for the pres- 
ence of voltage before taking any other 
measurements. 

Check test leads for frayed or broken in- 
sulation. Electrical shock can occur from 
accidental contact with live components. 
Electrical test equipment should have 
double-insulated test leads, recessed input 
jacks on the meter, shrouds on the test lead 
plugs, and finger guards on test probes. 
Use meters that conform to the IEC 1010 
category in which they will be used. For 
example, to measure 480 V in an electrical 
distribution feeder panel, a meter rated at 
CAT 111-600 V or CAT III-1000 V is used. 
Avoid taking measurements in humid or 
damp environments. 

Ensure that no atmospheric hazard such as 
flammable dust or vapor is present in the area. 
Use one hand when working on à live circuit 
to reduce the chance of an electrical shock 
passing through the heart and lungs. 
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EQUIPMENT SETUP SAFETY 


POWED QUALITY ANALYZER \, 
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Figure 1-21. The displays of some test instruments prompt the user for correct connection of test leads and probes. 


PERSONAL PROTECTIVE EQUIPMENT 


Personal protective equipment (PPE) is clothing and/or equipment worn by a technician to reduce the pos- 
sibility of injury in the work area. The use of personal protective equipment is required whenever work may 
occur оп or near energized exposed electrical circuits. The National Fire Protection Association standard NF PA 
70E, Standard for Electrical Safety in the Workplace, addresses "electrical safety requirements for employee 
workplaces that are necessary for the safeguarding of employees in pursuit of gainful employment." 


NFPA 70E 


For maximum safety, personal protective equipment 
and safety requirements for test instrument proce- 
dures must be followed as specified in NFPA 70E, 
OSHA Standard Part 1910 Subpart I—Personal 
Protective Equipment (1910.132 through 1910.138), 
and other applicable safety mandates. Personal pro- 
tective equipment includes protective clothing, head 
protection, eye protection, ear protection, hand and 


foot protection, back protection, knee protection, Fluke Corporation 


and rubber insulated matting. See Figure 1-22. Electricians performing test instrument procedures must follow all 70E 
requirements for personal protective clothing, test instruments, and equipment 


for maximum safety. 


es 
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Figure 1-22. Personal protective equipment includes 
protective clothing, head protection, eye protection, ear 
protection, hand and foot protection, back protection, knee 
protection, and rubber insulated matting. 


Per NFPA 70E, “Only qualified persons shall 
perform testing on or near live parts operating at 
50 V or more.” All personal protective equipment 
and tools are selected to be appropriate to the 
operating voltage (or higher) of the equipment 
or circuits being worked on or near. Equipment, 
devices, tools, and test instruments and meters 
must be suited for the work to be performed. In 
most cases, voltage-rated gloves and tools are 
required. Voltage-rated gloves and tools are rated 
and tested for the maximum line-to-line voltage 
upon which work will be performed. Protective 
gloves must be inspected or tested as required for 
maximum safety before each task. 


Technical Tip = - 


Always consider the worst possible operating conditions when 
selecting personal protective equipment. 


Rubber Insulating Gloves 


Rubber insulating gloves are an important article 
of personal protectiye equipment for electrical 
workers. Safety requirements for the usage of rub- 
ber insulating gloves and leather protectors must 
be followed at all times. The primary purpose of 
rubber insulating gloves and leather protectors is 
to insulate hands and lower arms from possible 
contact with live conductors. Rubber insulating 
gloves offer a high resistance to current flow to help 
prevent an electrical shock and the leather protec- 
tors protect the rubber glove and add additional 
insulation. Rubber insulating gloves are rated and 
labeled for maximum voltage allowed. 


"WARNING ^ 


1 Rubber insulating gloves are designed for specific applications. 


Leather protectors are required for protecting rubber insulating 
gloves. Rubber insulating gloves offer the highest resistance 
and greatest insulation. Serious injury or death can result 
from improper use of rubber insulating gloves, or from using 
outdated and/or the wrong type of rubber insulating gloves for 
an application. 


Inspection of Rubber Insulating Gloves. Rubber 
insulating gloves must be field tested (by visual 
inspection and air test) prior to each use. Rubber 
insulating gloves must also be laboratory tested by 
an approved laboratory every six months. Rubber 
insulating gloves have a color-coded label for ap- 
plicable voltage ratings. See Figure 1-23. Gloves 
must also be air-tested when there is cause to 
suspect any damage. The entire surface must be 
inspected by rolling the cuff tightly toward the palm 
in such a manner that air is trapped inside the glove, 
or by using a mechanical inflation device. When 
using a mechanical inflation device, care must be 
taken to avoid overinflation. The glove is examined 
for punctures and other defects. Puncture detection 
may be enhanced by listening for escaping air. 
Some brands of rubber insulating gloves are avail- 
able with two color layers. When one color layer 
becomes visible, the color serves as notification to 
the user that the gloves must be replaced. 
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Any substance that can physically damage rubber 
gloves must be removed before testing. Insulat- 
ing gloves and protector gloves found to be de- 
fective shall not be discarded or destroyed in the 
field, but shall be tagged “unsafe” and returned 
to a supervisor. 


1 kV (1000 V) 


7.5 kV (7500 V) 


17 kV (17,000 V) 


RUBBER INSULATING GLOVE RATING* 
Flame-Resistant (FR) Clothing 
Sparks from an electrical circuit can cause a fire. 


| les [Maximum Use| Label Color 
00 
0 
1 
2 
3 
36 kV (36,000 V) Approved flame-resistant (FR) clothing must 


500 V 
* Refer to ASTM D 120-02 Standard Specification for Rubber Insulating Gloves. be worn in conjunction with rubber insulating 


Figure 1-23. Rubber insulating gloves have a color-coded gloves i protection from electrical arcs when 
label representing voltage ratings for proper application. performing certain operations on or near ener- 
=o eaaa eee АЕН ЕН ЖШЫ gized equipment or circuits. FR clothing must be 
kept as clean and sanitary as practical and must 
be inspected prior to each use. Defective clothing 
must be removed from service immediately and 


26.5 kV (26,500 V) 


Visual inspection of rubber insulating gloves is replaced. Defective FR clothing must be tagged 
performed by stretching a small area (particularly “unsafe” and returned to a supervisor. 
fingertips) and checking for defects such as the 
following: 


Eye Protection 


Eye protection must be worn to prevent eye or face 
injuries caused by flying particles, contact arcing, 
and radiant energy. Eye protection must comply 
with OSHA 29 CFR 1910.133, Eye and Face 
Protection. Eye protection standards are specified 
in ANSI Z87.1, Occupational and Educational 
Eye and Face Protection. Eye protection includes 
safety glasses, face shields, and arc blast hoods. See 
Figure 1-24. Safety glasses are an eye protection 
device with special impact-resistant glass or plastic 
lenses, reinforced frames, and side shields. Plastic 
frames are designed to keep the lenses secured in 
the frame when an impact occurs to minimize the 
shock hazard when working with electrical equip- 
ment. Side shields provide additional protection 
from flying objects. Tinted-lens safety glasses 
protect against low voltage arc hazards. 


* punctures or pin holes 

* embedded or foreign material 

* deep scratches or cracks 

* cuts or snags 

* deterioration caused by oil, heat, grease, in- 
sulating compounds, or any other substances 
which may harm rubber 
When visual inspection is completed, an air test 

is performed using the following procedures: 

* Graspthe gauntlet ofthe glove between thumb 
and forefinger. 

* Spin the glove around rapidly to fill with air. 

* Trap the air by squeezing the gauntlet with 
one hand, while using the other hand to 
squeeze the palm, fingers, and thumb while 
looking for defects. 

* Hold the glove to your face or ear to detect 
escaping air. Gloves failing the air test must be 
tagged "unsafe" and returned to a supervisor, 


or properly disposed of. А А 
Proper саге of leather protector gloves is es- Technical Tip — 


sential for user safety. Leather protector gloves NFPA codes, standards, recommended practices, and guides, 
are checked for cuts, tears, holes, abrasions, such as 70E, were developed through a consensus of stan- 
defective or worn stitching, oil contamination, dards and approved by the American National Standards 
and any other condition that might prevent the Institute. 70E Standard for Electrical Safety in the Workplace 


consists of: Safety-Related Work Practices, Safety Related 
Maintenance Requirements, Safety Requirements for Special 
Equipment, and Installation Safety Requirements. 


glove from adequately protecting rubber gloves. 
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A face shield is any eye and face protection device that covers the entire face with a plastic shield, and is 
used for protection from flying objects. Tinted face shields protect against low voltage arc hazards. Goggles are 
an eye protection device with a flexible frame that is secured on the face with an elastic headband. Goggles fit 
snugly against the face to seal the areas around the eyes, and may be used over prescription glasses. Goggles 
with clear lenses protect against small flying particles or splashing liquids. Tinted goggles are sometimes used 
to protect against low-voltage arc hazards. 

Safety glasses, face shields, and goggle lenses must be properly maintained to provide protection and clear 
visibility. Lens cleaners are available that clean without risk of lens damage. Pitted, scratched, and crazed lenses 
(crazing is a defect caused by exposure to aggressive solvents, chemicals, or heat which leaves microscopic 
cracks within the lenses) reduce vision and may cause lenses to fail on impact. 


EYE PROTECTION 
— | TEST INSTRUMENT SAFETY 


IMPACT-RESISTANT 
REINFORCED LENS STANDARDS 
FRAMES 


The /nternational Electrotechnical Commission 
(IEC) is an organization that develops interna- 
tional safety standards for electrical equipment. 
The IEC standards reduce safety hazards that can 
occur from unpredictable circumstances when 
using electrical test equipment such as test instru- 
ments and meters. For example, voltage surges 
on a power distribution system can cause a safety 

€ YGL ASSE S | hazard when a test instrument is being used in an 
RATS БАРЕД electrical system. 

A voltage surge is a higher-than-normal volt- 
ee age that temporarily exists on one or more power 
SHIELD lines. Voltage surges vary in voltage amount and 
time present on the power lines. One type of 
voltage surge is a transient voltage. A transient 
voltage (voltage spike) is a temporary, undesir- 
able voltage in an electrical circuit. Transient 


or à | voltages typically exist for a very short time, but 
Ao FACE SHIELD are large in magnitude and very erratic. Transient 
HOOD voltages occur due to lightning strikes, unfiltered 
EM — electrical equipment, and power being switched 
HOOD ON and OFF. 


FACE 
SHIELD 


= ШШ Troubleshooting Tip 


ARC BLAST HOOD SAFETY PROCEDURES 


Failure to properly control hazardous energy sources 
during maintenance and testing procedures accounts 
for over 65,000 injuries per year. 


Figure 1-24. Eye protection must be worn to prevent eye 
or face injuries caused by flying particles, contact arcing, 
or radiant energy. 
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High transient voltages can reach several thousand volts. A transient voltage on a 120 V power line can reach 
1000 V (1 kV) or more. High transient voltages exist close to a lightning strike or when large (high-current) 
loads are switehed OFF. See Figure 1-25. For example, when a large motor (100 HP) is turned OFF, a transient 
voltage moves down the power distribution system. When a test instrument or meter is connected to a point along 
the system in which a high transient voltage is present, an arc can be created inside the meter. Once started, the 
arc can cause a high-current short in the power distribution system even after the original high transient voltage 
is gone. A high-current short can turn into an arc blast. 

An arc blast is an explosion that occurs when the air surrounding electrical equipment becomes ionized and 
conductive. The amount of current drawn and the potential damage caused depend on the specific location of 
the arc blast in the power distribution system. All power distribution systems have current limits set by fuses and 
circuit breakers along the system. The current rating (size) of the fuses and circuit breakers decreases further 
away from the main distribution panel. The further away from the main distribution panel, the less likely a high 
transient voltage is to cause damage. 


CAUTION № 
Other than а laser, an electric arc is the hottest heat source in 


CAT Ratings 
IEC standard 1010 classifies the applications in 


existence. Electric arcs are capable of producing temperatures 
up to 10,000°F. Temperatures of such intensity are capable of 
producing serious burns at distances up to 20’ and can be fatal 


which test instruments may be used into four 
overvoltage installation categories (Category I — 
Category IV). The four categories are typically 


at distances up to 8'. 


abbreviated as CAT I, CAT II, CAT III, and CAT 
IV. The CAT ratings determine what magnitude of 
transient voltage a test instrument or other electri- 
cal appliance can withstand when used on a power 
distribution system. For example, a test instrument 
or other electrical measurement tool specified for 
use in a CAT III installation must withstand a 6000 
V transient (2 ms rise time with a 50 ms, 5096 dura- 
tion) voltage without resulting in a hazard. When a 
test instrument or other meter is operated on voltages 
above 600 V, the test instrument must be capable of 
withstanding an 8000 V transient voltage. Also, a test 
instrument or meter that is designed to withstand a 
transient voltage can be damaged but the transient 
cannot result in a hazard to the technician or the fa- 
cility. To protect technicians from transient voltages, 
protection must be built into all test equipment. 
Safety standards such as IEC 61010-1 2nd edition, 
the harmonized North America standard, and the UL 
standard 61010-1 vary, but are closely matched. The 
requirements of the standards are used to rate test equip- 
ment for minimizing hazards such as shock, fire, and arc 
blast among other concerns. A test instrument designed 
to these standards offers a high level of protection. A 
measurement category rating such as CAT Ш or CAT IV 
indicates acceptable usage on three-phase permanently 
installed loads and three phase distribution panels in a 
building or facility. All exposed electrical installations 


TRANSIENT VOLTAGES 


LIGHTNING STRIKE OR LARGE LOAD SWITCHING 
CAUSES A TRANSIENT VOLTAGE ON POWER LINE, 
CREATING ARC BETWEEN DMM INPUT TERMINALS 


HIGH CURRENT FLOWS IN CLOSED CIRCUIT. ARC 
STARTS AT PROBE TIPS 


WHEN PROBES ARE PULLED IN REACTION TO LOUD 
NOISE, ARCS ARE DRAWN TO TERMINALS 


IF ARCS ARE JOINED, RESULTING HIGH-ENERGY ARC 
CAN CREATE A LIFE-THREATENING SITUATION 
FOR USER 


Figure 1-25. When taking measurements in an electrical 
circuit, transient voltages can cause electrical shock and/or 
damage to test instruments and meters. 
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and the power panels of a facility are considered high-voltage areas. Measurement categories such as САТ Ш and CAT 
IV ratings are important criteria for test instruments and meters used in industrial applications. See Figure 1-26. 

Power distribution systems are divided into categories based on the magnitude of transient voltage test instru- 
ments must withstand when used on the power distribution system. Dangerous high-energy transient voltages such 
as a lightning strike are attenuated (lessened) or dampened as the transient travels through the impedance (AC 
resistance) of the system and system grounds. Within an IEC 1010 standard category, a higher voltage rating denotes 
a higher transient voltage withstanding rating. For example, a CAT III-1000 V (steady-state) rated test instrument 
has better protection compared to a CAT III-600 V (steady-state) rated test instrument. Between categories, a higher 
voltage rating (steady-state) might not provide higher transient voltage protection. For example, a CAT III-600 V 
test instrument has better transient protection compared to a CAT II-600 V test instrument. A test instrument must 
be chosen based on the IEC overvoltage installation category first and voltage second. 


IEC 1010 MEASUREMENT CATEGORIES 


1 eS 0e 


CAT | Electronic 

CAT Il 16 receptacle- 
connected loads 

CAT Ill 36 distribution, 
including 
16 commercial 
lighting 

CAT IV 36 at utility 
connection, any 
outdoor conductors 


* Protected electronic equipment 

* Equipment connected to (source) circuits in which measures are taken to 
limit transient overvoltage to an appropriately low level 

• Any high-voltage, low-energy source derived from a high-winding-resistance 

transformer, such as the high-voltage section of a copier 


Appliances, portable tools, and other household and similar loads 
Outlets and long branch circuits 

Outlets at more than 30’ (10 m) from CAT III source 
Outlets at more than 60’ (20 m) from CAT IV source 


Equipment in fixed installations, such as switchgear and polyphase motors 
Bus and feeder in industrial plants 

Feeders and short branch circuits and distribution panel devices 

Lighting systems in larger buildings 

Appliance outlets with short connections to service entrance 


* Refers to the origin of installation, where low-voltage connection is made to 
utility power 


e Electric meters, primary overcurrent protection equipment 

e Outside and service entrance, service drop from pole to building, run between 
meter and panel 

• Overhead line to detached building 


CAT III 
We 


Figure 1-26. The IEC 1010 standard defines the applications in which test instruments and meters can be used according 
to the four categories. 
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Independent Testing Organizations 


National, state, and local codes and standards are 
used to protect people and property from electri- 
cal dangers. A code is a standard regulation or 
minimum requirement. A standard is an accepted 
reference or practice. Codes and standards ensure 
that electrical equipment is built and installed 
safely and every effort is made to protect people 
from electrical shock. The IEC sets standards 
but does not test or inspect for code and standard 
compliance. 

A test instrument with a symbol and listing 
number of an independent testing lab such as 
Underwriters Laboratories Inc.® (UL), Canadian 
Standards Association (CSA), or other recognized 
testing organization indicates compliance with the 
standards of the organization. A manufacturer can To help prevent electrical shock, proper personal protective equipment must 
claim to “design to” a standard with no indepen- be worn at all times. 
dent verification. To be UL listed or CSA certified, 
a manufacturer must employ the services of an 
approved agency to test a product’s compliance 
with a standard. See Figure 1-27. For example, | 
UL3111-1 or CSA C22.2 No. 1010.1-92 indicates Before using any electrical test instruments or meters, always 


that the IEC 1010 standard is met. refer to the user's manual for proper operating procedures, safety 
precautions, and technical limits. Conditions can change quickly 
as voltage and current levels vary in individual circuits. 


WARNING . 


Electrical Shock 

According to the National Safety Council, over 1000 people are killed by electrical shock in the United States 
each year. Electricity is the number one cause of fires. More than 100,000 people are killed in electrical fires 
each year. Improper electrical wiring or misuse of electricity causes destruction of equipment and fire dam- 
age to property. 

Safe working habits are required when troubleshooting an electrical circuit or component because the 
electrical parts that are normally enclosed are exposed during troubleshooting. 

An electrical shock results any time a body becomes part of an electrical circuit. Electrical shock varies 
from a mild shock to fatal current. The severity of an electrical shock depends on the amount of electric 
current (in mA) that flows through the body, the length of time the body is exposed to the current flow, 
the path the current takes through the body, the physical size and condition of the body through which the 
current passes, and the amount of body area exposed to the electric contact. The amount of current that 
passes through a circuit depends on the voltage and resistance of the circuit. During an electrical shock, 
the body of an electrician becomes part of the circuit. The resistance a body offers to the flow of current 
varies. Sweaty hands have less resistance than dry hands. A wet floor has less resistance than a dry floor. 
The lower the resistance, the greater the current flow. The greater the current flow, the greater the severity 


of a shock. See Figure 1-28. 
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RECOGNIZED TESTING LABORATORIES ен AND STANDARDS 


. ORGANIZATIONS* . 
4 Р 333 Pfingsten Rd., Northbrook, IL 60062 USA 
Underwriters Laboratories, Inc.9 (UL) Tel: ee 8800 M 
; А З 1 W. 42nd St., New York, NY 10036 USA 
American National Standards Institute (ANSI) Tel: 212-642-4900 www.ansi.org 
ee В: 389 Chiswick High Road, London W4 4AL United Kingdom 
British Standards Institution (BSI) www.bsi.org.uk 
CENELEC Comité European de Normalisation Rue de Stassart, 35 B - 1050 Brussels 
Electrotechnique Tel: +32 25196871 ммм.сепеіес.бе 


Т T Central Office 178 Rexdale Blvd. Etobicoke (Toronto), Ont. M9W 193 
Canadian Standards Association (CSA) Tel: 416-747-4000 ое 


Verband der Elektrotechnik und 


: е Frankfurt main Germa www.vde.de 
Informationstechnik (VDE) S аар затеи 


Japanese Standards Association (JSA) 1-24, Akasaka 4, Minato-ku Tokyo 107 Japan 
А Р oe 3, rue de Varembé PO Box 131 1211 Geneva 20 Switzerland 
International Electrotechnical Commission (IEC) Tel: +41 229190211 www.iec.ch 
The Institute of Electrical and Electronic 345 E. 47th St., New York, NY 10017 
Engineers, Inc. (IEEE) Tel: 800-678-4333 www.ieee.org 
National Institute of Standards and Technology Bldg. 820, Room 232, Gaithersburg, MD 20899 
Calibration Program (NIST) Tel: 301-975-6478 www.nist.gov 
National Electrical Manufacturers Association (NEMA)| 2101 L St., NW Suite 300 Washington DC 20037 USA 
Standards Publication Office Tel: 202-457-8400 www.nema.org 


: —À 1 rue de Varembé Case postale 56 CH-1211 Geneva 20 Switzerland 
International Standards Organization (ISO) Tel: 441 22 749 01 11 M. | 


JFK Federal Building, Room E340 Boston, МА 02203 


| а 
СУЗАМА ао паша Chile Tel: 617-565-9860 www.osha.gov 


12 Commerce Rd., Newton, CT 06470 


TUV Rheinland of North America, Inc. Tel: 203-426-0888 UN M 


* Partial Listing 


Figure 1-27. Test instruments have symbols listing the nationally recognized testing laboratories and standards organiza- 
tions that the meters are in compliance with. 


When handling a victim of an electrical shock accident, apply the following procedures: 

1. Break the circuit to free the victim immediately and safely. Never touch any part of a victim's body when 
in contact with the circuit. When the circuit cannot be turned OFF, use any nonconducting device to free 
the victim. Resist the temptation to touch the victim when power is not turned OFF. 

2. After the victim is free from the circuit, send for help and determine if the victim is breathing. When there 
is no breathing or pulse, start CPR. Always get medical attention for a victim of electrical shock. 
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3. When the victim is breathing and has a pulse, check for burns and cuts. Burns are caused by contact with 
the live circuit, and are found at the points that the electricity entered and exited the body. Treat the entrance 
and exit burns as thermal burns and get medical help immediately. 


ELECTRIC SHOCK 


CURRENT INCREASES 
AS RESISTANCE DECREASES 


UNPROTECTED 

BODY PART 
CURRENT 
FLOW PATH 


CURRENT 


CURRENT IN 100 W LAMP 
1000 mA CAN ELECTROCUTE 20 ADULTS 


EFFECT OF ELECTRIC CURRENT 


Sensation of shock but probably 


not painful 


15 to 20 


Figure 1-28. An electric shock results any time a body becomes part of an electrical circuit. 


Painful shock 


Removal from contact point by 
natural reflexes 


HEART CONVULSIONS. 
SU MA USUALLY FATAL 


Painful shock 


May be frozen or locked to point 
of electric contact until circuit 


PAINFUL SHOCK. 
15 mA TO 20 mA INABILITY TO LET GO 


is de-energized 0 mA TO 5 mA SAFE VALUES 
Causes severe muscular | Ms ) NO SENSATION 


contractions, paralysis of breathing, 
heart convulsions, death 


EFFECT OF ELECTRIC CURRENT 


Rubber Insulating Matting 

Rubber insulating matting is a personal protective device that provides electricians protection from electrical 
shock when working on energized electrical circuits. Dielectric black fluted rubber matting is specifically 
designed for use in front of open cabinets or high voltage equipment. Matting is used to protect electricians 
when voltages are over 50 V. Two types of matting that differ in chemical and physical characteristics are 
designated as Type I and Type II matting. See Figure 1-29. 
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RUBBER INSULATING MATTING RATINGS 


Safety P Material Thickness Material Test 
Standard width (In. voltage 


Maximum 
Working Voltage 


* BSI-British Standards Institute 
t VDE-Verband Deutscher Elektrotechniker Testing and Certification Institute 
* ASTM International 


Figure 1-29. Rubber insulating matting provides protection from electrical shock when working on energized electrical circuits. 
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Grounding 


Electrical circuits are grounded to safeguard equipment and personnel against the hazards of electrical shock. 
Proper grounding of electrical tools, machines, equipment, and delivery systems is one of the most important 
factors in preventing hazardous conditions. Grounding is the connection of all exposed non-current-carrying 
metal parts to the earth. Grounding provides a direct path for unwanted (fault) current to the earth without 
causing harm to persons or equipment. Grounding is accomplished by connecting the circuit to a metal under- 
ground pipe, a metal frame of a building, a concrete-encased electrode, or a ground ring. See Figure 1-30. 

Non-current-carrying metal parts that are connected to ground include all metal boxes, raceways, enclosures, 
and equipment. Unwanted current exists because of insulation failure or because a current-carrying conductor 
makes contact with a non-current-carrying part of the system. In a properly grounded system, the unwanted 
current flow trips fuses or circuit breakers. Once the fuse or circuit breaker is tripped, the circuit is opened 
and no additional current flows. 


LOCKOUT/TAGOUT 


Lockout is the process of removing the source of 
electrical power and installing a lock that prevents 
the power from being turned ON. To ensure the 
safety of personnel working with equipment, all 
j ld : Уа, electrical, pneumatic, and hydraulic power is 
í GANGER) * pw and the equipment must be locked out 
and tagged out. Tagout is the process of placing 

a danger tag on the source of electrical power, 
which indicates that the equipment may not be 
operated until the danger tag is removed. Per 
OSHA standards, equipment is locked out and 
tagged out before any installation or preventive 


Electricians sometimes use a lockout/tagout hasp to ensure that no one maintenance is performed. See Figure 1-31. 
person can accidentally energize a dangerous circuit or system while another 
is still working on it. 
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GROUNDING METHODS 


METAL FRAME 


OF BUILDING 
SECOND 
CHOICE 


THIRD 
CHOICE 


METAL UNDERGROUND ы FOURTH 
WATER PIPE CONCRETE-ENCASED ELECTRODE CHOICE 


AT LEAST 20’ IN LENGTH OR 
NO. 4 OR LARGER CONDUCTOR 
AT LEAST 20’ IN LENGTH GROUND RING AT 
LEAST 20’ OF BARE 
NO. 2 Cu CONDUCTOR 


Figure 1-30. Grounding is accomplished by connecting а circuit to a metal underground pipe, a metal frame of a building, 
а concrete-encased electrode, or a grounding ring. 


LOCKOUT/TAGOUT 


DANGER TAG 
DISCONNECT 


A danger tag has the same importance and pur- 
pose as a lock and is used alone only when a lock 
does not fit the disconnect device. A danger tag must 
be attached at the disconnect device with a tag tie or 
equivalent and must have space for the technician’s 
name, craft, and other company-required informa- 
tion. A danger tag must withstand the elements and 
expected atmosphere for the maximum period of 
time that exposure 15 expected. See Figure 1-32. 

Lockout/tagout is used in the following 
situations: 

* Power is not required to be on to a piece of 
equipment to perform a task 

* Whenremoving or bypassing machine guards 
or other safety devices 


* The possibility exists of being injured or caught 


TAGOUT USED ALONE WHEN | in moving machinery 
LOCKOUT IMPRACTICAL 


* When jammed equipment is being cleared 
* The danger exists of being injured if equipment 


Figure 1-31. Per OSHA standards, equipment must be 
locked out and tagged out before any installation or preven- power is turned ON 
tive maintenance is performed. 
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| LOCKOUT/TAGOUT KITS 


Ideal Industries, Inc. 


MULTIPLE 
LOCKOUTS 


REUSABLE 
DANGER TAG 


OPERATE 


This lock/tag may 
ot б 


LOCKOUT/TAGOUT КІТ 


4. Lockout/tagout the energy-isolating devices 
with assigned locks and danger tags. See 
Figure 1-33. , 

5. After ensuring that no personnel are exposed, 
operate the normal operating controls, verify- 
ing that the equipment is inoperable and that 
all energy sources have been isolated. 

6. Inspect and test the equipment with appropriate 
test instruments to verify that all energy sources 
are disconnected. Multiphase electrical power 
requires that each phase be tested. The equip- 
ment is now locked out and tagged out. 

A lockout/tagout must not be removed by 
any person other than the authorized person 
who installed the lockout/tagout, except in an 
emergency. In an emergency, only supervisory 
personnel may remove a lockout/tagout, and only 
upon notification of the lockout/tagout person. A 
list of company rules and procedures is given to 
authorized personnel and any person who may be 
affected by a lockout/tagout. 

When more than one electrician is required 
to perform a task on a piece of equipment, each 


Figure 1-32. Lockout/tagout kits contain reusable danger 
tags, tag ties, multiple lockouts, magnetic signs, and informa- 
tion on lockout/tagout procedures. 


electrician must place a lockout /tagout on the 
energy-isolating device(s). A multiple lockout/ 


Lockout and tagouts do not by themselves 
remove power from a machine or its circuitry. 
OSHA provides a standard procedure for equip- 
ment lockout/tagout. Lockout is performed and 
tags are attached only after the equipment is 
turned OFF and tested. 

Typical company lockout/tagout procedures 
are as follows: 

1. Notify all affected persons that a lockout/ 
tagout is required. Notification must include 
the reason for the lockout/tagout, and the 
expected duration. 

2. When the equipment is operating, shut it down 
using normal procedures. 

3. Operate the energy-isolating device(s) so 
that the equipment is isolated from all energy 
sources. Stored energy in springs, elevated 
machine members, and capacitors must be 
dissipated or restrained by blocking, discharg- 
ing, or other appropriate methods. 


tagout device (hasp) must be used because energy- 
isolating devices typically cannot accept more 
than one lockout/tagout at one time. A hasp is a 
multiple lockout/tagout device. 


Troubleshooting Tip 


LOCKOUT/TAGOUT 
REQUIREMENTS 


Lockout/tagout procedures must conform to OSHA 29 
CFR 1910.147 — The Control of Hazardous Energy 
(Lockout/Tagout) and company rules and procedures. 
A lockout/tagout shall not be removed by any person 
other than the person who installed it, except in 
an emergency. In an emergency, only authorized 
personnel (persons who have been trained in proper 
lockout/tagout procedures) may remove the lockout/ 
tagout. Tagouts must be attached by hand, easy to 
read, self-locking, and resistant to accidental removal. 
Lockouts and tagouts must be tough and must resist 
damage from environmental and working conditions. 
Written procedures must be established for each piece 
of equipment in the facility. 
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LOCKOUT DEVICES 


LOCKS OUT 
GATE VALVE 


LOCKS OUT 


ELECTRICAL PLUG 
COLORS MATCH 


ANSI PIPE COLORS 


LOCKS BALL VALVE 
IN CLOSED POSITION 


i > | PREVENTS CORD 
LOCKS BALL VALVE е; FROM BEING 
IN OPEN POSITION PLUGGED IN 


Figure 1-33. Lockout devices resist chemicals, cracking, abrasion, and temperature changes, and are available in colors 
to match ANSI pipe colors. Lockout devices are sized to fit standard industry control device sizes. 


ARC BLAST SAFETY 


An electric arc is a discharge of electric current 
across an air gap. Arcs are caused by excessive 
voltage ionizing an air gap between two conduc- 
tors, or by accidental contact and reseparation 
between two conductors. When an electric arc 
Occurs, there is the possibility of "arc flash" 
or "arc blast." Arc flash is an extremely high- 
temperature discharge produced by an electri- 
cal fault in the air. Arc flash temperatures reach 
35,000°F. An arc blast is an explosion that occurs 
when the air surrounding electrical equipment 
becomes ionized and conductive. Arc blasts are 
a threat to electrical systems of 480 V and higher. 
Arc blasts are possible in systems of lesser volt- 
age, but arc blasts are not likely to be as destruc- oan 
alisbury 


tive as in a high-voltage system. Electricians working with energized high voltage circuits may be required to 
wear additional protective clothing to guard against arc flash. 


ie. 


Arc flash and arc blast are always a possibility when working with electrical test instruments. Arc flash can 
occur when using a voltmeter or DMM to measure voltage in a 480 V or higher electrical system when there 
happens to be a power line transient, such as a lightning strike or power surge, at the same time. Some voltme- 
ters and DMMs indicate a CAT rating specifying the tolerance limit for overvoltage transients and subsequent 
safety provisions. A potential cause for arc flash and arc blast is improper test instrument and meter use. For 
example, an arc blast can occur when connecting an ammeter across two points of a circuit that is energized 
with a higher voltage than the rating of the meter. To avoid causing arc blast or arc flash, an electrical system 
needs to be de-energized, locked out, and tagged out prior to performing work. Only qualified electricians are 
allowed to work on energized circuits of 50 V or higher. 


Test Instruments 


Flash Protection Boundary 
The flash protection boundary is the distance at 


which PPE is required to prevent burns when an 
arc occurs. See Figure 1-34. Per NFPA 70E, sys- 


CODES AND STANDARDS 


To protect people and property from electrical 
dangers, national, state, and local codes and stan- 
dards are used. A code is a regulation or minimum 


tems of 600 V and less require a flash protection 
boundary of 4’, based on the time of the circuit 
breaker to act. While a circuit that is being worked 
on should always be de-energized, the possibility 
exists that nearby circuits are still energized and 
within the flash point boundary. Barriers such as 
insulation blankets, along with the proper PPE, 
must be used to protect against flashing from 
nearby energized circuits. 


requirement. A standard is an accepted reference 
or practice. Codes and standards ensure electri- 
cal equipment is built and installed safely and 
every effort is made to protect electricians from 
electrical shock. 


National Fire Protection Association 
(NFPA) 


NFPA is a national organization that provides 
guidance in assessing the hazards of the products 
of combustion. The NFPA publishes the National 
Electrical Code® (NEC®). The purpose of the 
NEC® is the practical safeguarding of persons 
and property from the hazards arising from the 
use of electricity. The NEC® is updated every 
three years. Many city, county, state, and federal 
agencies use the NEC® to set requirements for 
electrical installations. The primary concern of 
the NEC? is to protect lives and property. 


Personal Protective Equipment (PPE) for Arc 
Blast Protection. Proper PPE must always be 
worn when working with energized electrical cir- 
cuits. Clothing made of synthetic materials such 
as nylon, polyester, or rayon, alone or combined 
with cotton, must never be worn as synthetic ma- 
terials burn and melt to the skin. Per NFPA 70E, 
the type of PPE worn depends on the type of work 
being performed. The minimum PPE requirement 
for electrical work is an untreated natural mate- 
rial long-sleeve shirt, long pants, safety glasses 
with side shields, and rubber insulating shoes or 
boots. Additional PPE includes flame-retardant 
(FR) coveralls, FR long-sleeve shirts and pants, 
a hard hat with an FR liner, hearing protection, 
and double-layer flash suit jacket and pants. Flash 
suits are similar to firefighter turnout gear and 
must be worn when working near a Category 4 
Hazard/Risk area. See Figure 1-35. 


Technical Tip = 


According to U.S. government statistics, electrical injuries 
are not the most соттоп but have a high fatality rate when 
they do occur. The biggest electrical hazard is a live power 
line, and the injury rates are highest in construction, manu- 
facturing, and services industries. These industries account 
for 44% of electrical injuries but only 7% of the workforce. 


APPROACH BOUNDARIES TO ENERGIZED PARTS FOR SHOCK PREVENTION 


LIMITED APPROACH BOUNDARY PROHIBITED 


Exposed Movable Exposed Fixed-Circuit APPROACH 
Conductor Part 


BOUNDARY 
N/A N/A 


NOMINAL SYSTEM 
Voltage, Range, 
Phase to Phase* 


RESTRICTED 
APPROACH BOUNDARY 
(Allowing for Accidental 
: Movement) 


0 to 50 N/A 


Figure 1-34. The approach boundary is the distance at which PPE is required while working on energized circuits to prevent 
burns if an arc occurs. 


РЕ 


1 (0204 4-0” 


51 to 300 Avoid contact 


301 to 750 10’-0” 4'-0" 


751 to 15,000 


* in volts 


107-0” 
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` FLAME-RESISTANT =m EQUIPMENT C remus ER SR 
CATEGORY NUMBER (1 = LEAST | CATEGORY NUMBER (1 = LEAST HAZARDOUS) — 


EE 


Figure 1-35. Per NFPA 7OE, the type of PPE required Figure 1-35. Per NFPA 70E, the type of PPE required depends on the voltage and where work is being performed. 


FLAME- | панеялкоактаотнмоте | CLOTHING TYPE 


Flash suit jacket 


Flash suit pants 


Head protection 


Hard hat 


Flame-retardant hard hat liner 


Safety glasses w/side shields or goggles 


Face protection (2-layer hood) 


Hearing protection (ear canal inserts) 


Rubber gloves w/leather protectors 


Leather shoes w/rubber soles 


Soe a 


Occupational Safety and Health Administration 


The Occupational Safety and Health Administration (OSHA) is a federal government agency established under 
the Occupational Safety and Health Act of 1970, which requires all employers to provide a safe environment 
for their employees. The Act requires that all employers provide work areas free from recognized hazards 
likely to cause serious harm. 


National Electrical Manufacturers Association (NEMA) 


NEMA is a national organization that assists with information and standards concerning proper selection, rat- 
ings, construction, testing, and performance of electrical equipment. NEMA standards are used as guidelines 
for the manufacture and use of electrical equipment. 


CARE OF TEST INSTRUMENTS 


All test instruments and meters are designed for tak- 
ing measurements and should last virtually forever 
when used correctly. The life expectancy of a test 
instrument or meter depends upon how the meter is 
used, how the meter is taken care of, and how well 
the meter is made. When a test instrument or meter 
is used correctly (within its range, specifications, and 
operating environment) and physically taken care of, 
the meter will last a long time. Test instruments that 
are built better will last longer when handled roughly 
or used all the time because they are stronger and 
more durable. Test instruments must be handled 


f Salisbury 
with reasonable care. When not in use, guard test instruments against accidental damage by storing 
them in their protective bags or cases, or as the manufacturer recommends. 


Test Instruments 


Carrying Cases 


When using a test instrument or meter, ensure the meter is placed in such a manner as to prevent the meter 
from being accidentally dropped or damaged. Being dropped is the number one reason why many test in- 
struments and meters are damaged. When a meter is likely to be dropped, use a meter that includes a heavy 
outer protective case designed for rough (commercial and industrial) use. Keep test instruments and meters in 
protective carrying cases when in transit or not in use. Most manufacturers offer a variety of carrying holsters, 
soft carrying cases, and hard carrying cases. A carrying holster, typically connected to the belt or tool pouch, 
prevents dropping a test instrument or meter. Soft carrying cases prevent damage during normal storage and 
transportation. Hard carrying cases prevent damage when a test tool is kept or transported along with heavier 
tools and other items that can damage softer carrying cases. See Figure 1-36. 


TEST INSTRUMENT CARRYING CASES 


= Test-Um, Inc. 


Custom Case Company — 
Test-Um, Inc. 


SOFT-SIDED TYPE HARD-SIDED TYPE HOLSTER TYPE 


Figure 1-36. Most manufacturers offer a variety of carrying holsters, soft carrying cases, and hard carrying cases for test 
instruments and meters. 


Technical Tip 


CARRYING CASE DESIGN 


Test instrument carrying cases and equipment cases 
are designed to protect contents from impact, shock, 
vibration, rain, and dust. Case applications include 
carrying, shipping, containment, and military and 
aerospace environments. Test instrument cases are 
available in a variety of materials and configurations, 
including EMI/RFI shielding, telescopic covers and 
handles, and provisions for rack mount equipment. 


Test Instrument and Meter Care 
Practices 


Extra care must be provided to analog test instru- 
ments and meters because analog meter move- 
ments are susceptible to damage from shock. The 
ability of a test instrument or meter to take an 
accurate measurement is impaired when a meter 
is dropped. Hard carrying cases are the best when 
transporting analog instruments. Electricians must 
understand how to properly handle and operate 
any test instrument used. 
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Because many of the components may be of 
precision quality, repairing test instruments and 
meters is expensive. Some test instruments are un- 
forgiving when exposed to overvoltages/currents 
and hostile conditions. Some manufacturers pro- 
tect test instruments and meters with fast-acting 
fuses. When a fuse blows (or an overload trips), 
remove the instrument from the circuit before 
replacing the fuse or resetting the overload. Fuses 
must be replaced with the specified types and val- 
ues indicated in the owner’s manual. Failure to use 
the specified fuses can result in serious damage 
to the instrument. Even though a fuse fits and ap- 
pears to be the same, the fuse may not perform the 
same. For example, a 10 A rated automobile fuse 
(designed to open at 10 A ina 12 VDC circuit) is 
not the same as a 10 A rated meter fuse (designed 
to open at 10 A in an application in which there 
may be several hundred volts AC or DC). Even 
when an automobile fuse fits into the fuse holder 
of a meter, only the correct fuse recommended by 
the manufacturer can be used. 


Test leads must be stored carefully and checked periodically for excessive 
Wear. 


Test leads are one of the most important parts of any test instrument because test leads are the part that 
connects the test instrument to the circuit or component being tested and are typically the part of the test in- 
strument an electrician is holding. Test leads associated with any test instrument or meter must be checked on 
a regular basis. When test leads are used with test instruments that measure dangerous currents or voltages, 
the test leads must be checked each time they are used. Look for cuts, burned areas, deterioration, or other 
damage that may reduce the strength of the insulation. Test leads use stranded wire to make the leads flexible, 
and the individual strands break over time during normal operation. As strands break, the diameter of the test 
lead wire is reduced and the resistance of the test lead increases. 

Test leads are tested by connecting the test leads to a meter that measures resistance and touching the metal 
tips of the test leads together. The resistance of test leads must be less than 1 Q. When a test lead resistance 
is more than 1 Q, the test lead is probably damaged. The higher the resistance, the more damaged the leads. 
However, before assuming that a reading of more than 1 means damaged test leads, ensure the meter taking 
the resistance measurement is zeroed. Analog meters have a zeroing knob or screw for setting the needle to 
zero, and digital meters have a Relative button (REL) to zero the digital display. 

Do not operate test instruments and meters for prolonged periods of time in areas with extreme temperatures 
and humidity. Avoid use in areas that have excessive dust or corrosive fumes. Test instruments should not be 
exposed to strong electrical or electromagnetic interference. When a liquid is spilled on a test instrument or 
meter, immediately clean the spill from the instrument and wipe the meter dry. In the case of corrosive liquids, 
use a suitable cleaner to neutralize the corrosive action. When a spill occurs on the plastic window of a meter, 
be careful not to scratch the display window by using an abrasive cleaner. 


Test Instruments 


Place all switches of a test instrument or meter in the OFF position when testing is completed. When a test 
instrument or meter is to be stored, place the meter in a protective case. Store the instrument in a clean area, 
free of vibration, extreme temperatures, and humidity. Remove batteries from test instruments and meters that 
will be stored for an extended period of time. Batteries can rupture and spill corrosive materials into the instru- 
ment, causing serious damage. For instruments in constant use, check the batteries for evidence of electrical 
and mechanical failure at least several times a year. Replace batteries of a test instrument or meter every year, 
even when the instrument appears to be operating properly. 

All test instruments must be tested for accuracy on a periodic basis. Some manufacturers recommend monthly 
tests with an annual calibration at an authorized service center. At a minimum, test instrument measurement 
must be tested against a known measurement (fixed voltage, current, or resistance) value and against another 
instrument of the same type. Any discrepancy can signal that the test instrument requires additional testing. 
Only qualified personnel or the manufacturer should perform repairs to test instruments. Replacement parts 
must be electrically and mechanically identical to the original parts. In many cases, the parts are only avail- 
able from the manufacturer of the instrument. The use of improper substitute parts can result in an inaccurate 
device and can cause a dangerous situation for the next user. 


Test Instruments 


eneral Use - 
est Instruments 


General use test instruments are used for situa- 
tions where electrical properties are to be mea- 
sured. These types of instruments include test 


lights, receptacle testers, voltage indicators, volt- 
age testers, circuit analyzers, ohmmeters, clamp-on 
ammeters, and multimeter instruments. 


GENERAL USE TEST INSTRUMENTS Test instruments are portable or permanent de- 
vices. A portable test instrument (meter) is a device 
that is used to take temporary measurements and is 
typically powered by batteries. À temporary elec- 
trical measurement is a measurement taken when a 
test instrument is briefly connected to a circuit or to 
a component and then removed. A permanent test 
instrument is a device that is installed in a process 
or at a bench to continually measure and display 
quantities and is powered by a 115 V receptacle. 
Test instruments are either single-function or multi- 
function devices. A single-function test instrument, 
such as an ammeter, is a device capable of measur- 
ing and displaying only one electrical property. 
A multifunction test instrument (multimeter) is a 


Technical Tip _ device that is capable of measuring two or more 


Test instruments are warranted to be free from defects in electrical properties. 


A test instrument is a device used to measure 
electrical properties such as voltage, current, 
resistance, frequency, power, and conductivity. 
The most common electrical properties measured 
with test instruments are voltage, current, and 
resistance. Test instruments are also used to mea- 
sure nonelectrical quantities such as temperature, 
pressure, and speed (rpm). See Figure 2-1. Test 
instruments are used when installing or trouble- 
shooting a circuit or component. 


materials and workmanship for the instruments’ lifetime. Each test instrument has specific features and 
Warranties do not cover fuses; disposable batteries; damage limits. The user’s manual of a test instrument lists 
from neglect, misuse, contamination, alteration, accident, safety precautions and warnings, specifications and 


or abnormal conditions of operation or handling, including 
overvoltage failures caused by use outside the specified rat- 
ings; or normal wear and tear of the test instrument. 


features, and recommended operating procedures. 
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TEST INSTRUMENT MEASUREMENTS 


= i Amount of electrical Volts (V) Gives a voltage reading in applica- , 
VOLTMETER ү pressure їп а circuit tions such as battery chargers, 
power supplies, and power AMPERES 
um ah distribution systems (A) 


AMMETER Ч : Amount of electron 
flow in a circuit 


Amperes (A) Indicates amount of current a load, 
circuit, or process is using 


WATTMETER = J ri | Amount of electrical 
power in a circuit 


Watts (W) Gives a power reading in such applica- 
tions as amplifiers, heating elements, 
and power distribution systems 


FREQUENCY эү” Number of electrical 


METER | cycles per second 


Hertz (Hz) Indicates AC power line frequency in 
such applications as variable-speed 
motor drives 


OHMMETER | > ; Resistance to flow 
of electricity 


Ohms (©) Indicates a load, circuit, or component 
resistance before power is applied 
to a circuit 


CONDUCTIVITY 
METER 


Ability to conduct 
electricity 


Mhos (usually Measures the ability of a solution 
mhos/cm) or (usually water) to conduct electricity 


microsiemens 


(usually uS/cm) 


NONELECTRICAL 


PRESSURE 
GAUGE 


TACHOMETER TZTZEZ 
{hf Li Li 


TEMPERATURE 
METER 


ANEMOMETER 
MANOMETER 


Amount of fluid 
(air or liquid) 
pressure in a 
system 


Speed of a moving 
object 


Intensity of heat in 
an object or area 


Air velocity 
(distance traveled 
per unit of time) 


in a system 


Pressure differential 
between two points 


Pounds per 
square inch (psi), 
kilograms per 
centimeter (kg/cm), 
or bars (bar) 


Revolutions per 
minute (rpm) 


Degrees 
Fahrenheit (°F) 
or degrees 

Celsius (°C) 


Feet per minute 
(fpm) or meters 
per second (mps) 


Inches water 
column (in. wc) 
pounds per square 
inch (psi) or 
centimeters (cm) 


(96 RH) 


Monitors HVAC systems, 
pollution control systems, 
fluid systems, and machine 
conditions 


Monitors speed of moving 
objects, motors, gears, 
engines, and machine parts 


Monitors temperature of 
products, machines, fluids, 
processes, and areas 


Monitors flow of air in 
HVAC systems 


Monitors pressure drop 
across air filters, dampers, 
and refrigeration coils 


and warehouses 


OHMS 


TAKE TEMPERATURE 
READING OF AREAS 


ABOVE AMBIENT 
TEMPERATURE 


AIM METER 
HYGROMETER Relative humidity Percent Monitors freezers, HVAC AT AREA 
(0% to 100%) systems, storage bins, TO BE 
relative humidity computer rooms, libraries, MEASURED 


Acidity or alkalinity 
of a solution 


pH METER 


VIBRATION 
METER 


Amount of 
imbalance in a 
machine or system 


0 pH to 14 pH 


Velocity (in/s or cm/s) 
or displacement 
(in. or mm) 


Monitors cooling towers, 
process steam, feedwater, 
pulp and paper operations, 
and wastewater treatment 


Monitors machines and 
motors for'excess vibration; 
indicates when a machine 
is not properly loaded or 
when alignment is required 


FLOWMETER i i i iqui 
Amount of fluid Gallons per minute indicates that gas or liquid Heavy load on circuit 
moving in a system (gpm) or standard is moving and monitors z : 
cubic feet per rate of movement 8055818 problem; 
minute (scfm) 85 | schedule routine 
maintenance 
COUNTER Number of devices Numerical Maintains production values, | Dangerous problem; 


moving past a 
given location 


parts used, and inventory 


Temperature 
Difference* 


Light load on circuit 


TAKE AMBIENT 
TEMPERATURE 
READING FOR 

REFERENCE 


Indication 


100 


СЕБ 


take immediate 
corrective action 


Figure 2-1. Test instruments are used to measure electrical properties such as voltage, current, resistance, frequency, power, 
and conductivity; and to measure nonelectrical quantities such as temperature, pressure, and speed (rpm). 
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General Use Test Instrument Abbreviations 


General use test instruments commonly use standard abbreviations to represent a quantity or term for quick 
recognition. An abbreviation is a letter or combination of letters that represents a word. The specific abbre- 
viations used are dependent on which language is being used. Generally, abbreviations that spell a word are 
followed by a period. For example, electrical properties such as voltage and current are identified with the 
abbreviations V for volts and A for amps, respectively. Abbreviations can be used individually or in combina- 


tion with prefixes as in mV for millivolt or kV for kilovolt. See Figure 2-2. 


SELECTED TEST INSTRUMENT ABBREVIATIONS 


АС Alternating current or voltage 
DC Direct current or voltage 


T 


V Volts E | :L Tw 


mV Millivolts 

kV Kilovolts 

A  Amperes 

mA Milliamperes 

pA Місгоатрегеѕ 

W Watts 

КО Kilohms 

MO Megohms 

Hz Hertz 

kHz Kilohertz 

нЕ Microfarads 

nF Nanofarads 
Degrees Fahrenheit 
Degrees Celsius 


A mman f 


VA 
CU ec 


Бобы" 


5s 4 ныс + ош 


ARE MANUAL 


FU kHz Тир 
Ed они 0:00 


Readings аге being recorded 
Low 

Nanosiemens (1x10-9) or 
0.000000001 siemens 

Memory 

Time display in minutes: seconds 
Time display in hours: minutes 


Revolutions per minute 
Common 

Overload 

Time 

Least significant digit 
Maximum 

Minimum 

Average 

Trigger 

Average voltage 

Peak voltage 
Peak-to-peak voltage 
Root-mean-square (rms) voltage 
High input impedance 
Decibel 

Decibel volts 

Decibel watts 


Figure 2-2. Abbreviations are used individually or in combination with prefixes as in mV for millivolt or kV for kilovolt. 


General Use Test Instrument 
Symbols 

A. symbol is a graphic element that represents 
a quantity, unit, or component. Symbols pro- 
vide quick recognition and are independent of 
language because a symbol can be interpreted 
regardless of the language a person speaks. For 
example, standard symbols commonly used on 
DMMs can represent electrical components (di- 
ode, battery, and capacitor), terms (AC, DC, and 
ohm), or a message to the user (warning). Some 
test instrument functions are represented by two 
symbols that are combined. For example, a resis- 
tance measurement is represented by the symbol 
for ohms (Q) and audio beeper or continuity (m). 
See Figure 2-3. 


Technical Tip 


Standardized symbols and colors are used on electrical test 
instruments such as multimeters, megolunmeters, and oscil- 
loscopes to efficiently denote electrical functions, with red 
being hot and black being common. Some test instruments 
indicate condition with color (green for low voltage and red 
for high voltage). 


General Use Test Instrument 
Terminology 


All test instruments use specific terms to describe 
functions and displayed information. The terms 
may be abbreviated or shown as a symbol. In 
general, test instrument terms and symbols have 
standard definitions that are used consistently 
throughout the electrical industry. See Figure 2-4. 
See Appendix. 


Test Instruments 


TERM SYMBOL 
AC 


TEST INSTRUMENT TERMINOLOGY 


DEFINITION 


Continually changing current that reverses direction at regular intervals; 
standard U.S. frequency is 60 Hz ‘ 


AC 
COUPLING 


Signal that passes an AC signal and blocks a DC signal; used to 
measure AC signals that are riding on a DC signal 


Indicates ability to read or operate on alternating and direct current 


ACCURACY 
ANALOG 


the scale 


Largest allowable error (in percent of full scale) made under normal 
operating conditions; the reading of a meter set on the 250 V range 
with an accuracy rating of +2% could vary +5 V; analog meters 

have greater accuracy when readings are taken on the upper half of 


Semiconductor that allows current to flow in only one direction 


TEST INSTRUMENT COLOR CODING 


Test instruments use color coding to help identify 
proper meter jack and lead connections for usage. Test 
instruments were developed by engineers in the electronic 
world, where the color red identifies positive (+) and the 
color black identifies negative (—) or ground (+). Test 
instrument color coding is different from color coding used 
for electrical wiring, where black and red conductors (wires) 
are considered hot and white conductors are neutral. 

Although the actual color of a test lead or conductor 
does not affect the measurement and displayed meter 
value, color coding does affect the safety of a technician 
when taking the measurement. For example, when 
troubleshooting a circuit with a ground (115 VAC residential 
circuit), the black meter lead should be connected to the 
white (neutral) conductor of the circuit first, and then the 
red lead of the meter is connected to the hot (black or 
red) conductor of the circuit to take the measurement. By 
connecting the black meter lead first, the red meter lead is 
not hot until the lead is connected to the circuit. 

If the red meter lead is connected to the hot (black 
or red) conductor of a circuit first, the black meter lead 
that is not connected can cause an electrical shock if 
the lead is accidentally touched by a technician who is 


Removal of an electric charge 


grounded. The meter is in series with the technician and 
the full circuit voltage is divided between the meter and 
the technician. Depending on whether the meter or the 
technician has the higher resistance and therefore the 
higher voltage drop, the meter could be destroyed or 
the technician could be seriously injured. 


METER AND 
ELECTRICIAN IN SERIES 
(DIVIDE VOLTAGE DROP) 


BLACK LEAD 

; CONNECTED 
SECOND (IS A 

ач DANGEROUS 


CONDITION) 


RED LEAD CONNECTED 
FIRST (CREATES A 
DANGEROUS CONDITION) 
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TEST INSTRUMENT TERMINOLOGY 


SYMBOL DEFINITION 


Continually changing current that reverses direction at regular intervals; 
standard U.S. frequency is 60 Hz 


TERM 
AC 


AC Signal that passes an AC signal and blocks a DC signal; used to 
COUPLING measure AC signals that are riding on a DC signal 
Indicates ability to read or operate on alternating and direct current 
ACCURACY Largest allowable error (in percent of full scale) made under normal 
ANALOG operating conditions; the reading of a meter set on the 250 V range 
METER 


with an accuracy rating of +2% could vary +5 V; analog meters 
have greater accuracy when readings are taken on the upper half of 
the scale 


Semiconductor that allows current to flow in only one direction 


DISCHARGE 


DUAL 
TRACE 
EARTH 

GROUND 
FREQUENCY 


FUNCTION 
SWITCH 


Removal of an electric charge 


р ер 
П ИЛЛЕ 
iNT AT ТЧ 
Em Ыы EEE 
ARANAN AA AAG 
UIT ET 


ИШИП 
KVICEURA' 


Feature that allows two separate waveforms to be displayed 
simultaneously 


ШИШИП 
аа) 


Reference point that is directly connected to ground 


Number of complete cycles occurring per second 


Switch that selects the function (AC voltage, DC voltage, etc.) that a 
meter is to measure 


| ia a 
ЕЕЕ ааа 
ШЕ ТЭИ ЕЕ 
PIT A ПШ 


Eu 


GLITCH 


Momentary spike in a waveform 


Function that increases the meter sampling rate to maximize the 
detection of the glitch(es) 


Device which determines the starting point of a measurement 


TRIGGER 


Pattern defined by an electrical signal 


WAVEFORM 


Function that allows a waveform (or part of waveform) to be magnified 


Figure 2-4. Test instruments use standard industry terms to describe instrument functions and displayed information. 
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VOLTMETERS 


A voltmeter is a test instrument that measures voltage. Voltage is either direct current (DC) or alternating 
current (AC). DC voltage is voltage in a circuit that has current that flows in one direction only. AC voltage is 
voltage in a circuit that has current that reverses its direction of flow at regular intervals. AC voltage is stated 
and measured as peak, average, or rms values. See Figure 2-5. The peak value (У, or V. ) of a sine wave is 
the maximum instantaneous value of either the positive or negative alternations. The average value (V...) of 
a sine wave is the mathematical mean of all instantaneous voltage values in ¥2 of the sine wave. The average 
value is equal to 0.637 of the peak value of a standard sine wave. The root-mean-square (effective) value (V...) 
of an AC sine wave is the value that produces the same amount of heat in a pure resistive circuit as DC of the 
same value. The rms value is equal to 0.707 of the peak value of a sine wave. 


Test Lights 


A test light is a test instrument with a bulb that is connected to two test leads to give a visual indication when 
voltage is present іп a circuit. The most common test light is a neon test light. See Figure 2-6. A neon test light 
has a bulb that is filled with neon gas and uses two electrodes to ionize the gas (excite the atoms). Neon test 
lights are preferred because neon bulbs have extended lifetimes compared to other bulbs. The long life of neon 
bulbs is attributed to the bulbs having a very high resistance so neon bulbs draw very little current when taking 
a measurement. The bulb of a test light illuminates when voltage is present in the circuit being tested. 


_ TRUE RMS TEST INSTRUMENTS 


"TRUE RMS" INSTRUMENT BEST FOR MEASURING WITH: 
* SOLID-STATE COMPONENTS 
* VARIABLE FREQUENCY DRIVE (VFD) 
* PROGRAMMABLE LOGIC CONTROLLER (PLC) 


POSITIVE ALTERNATION 


PEAK POSITIVE 
VALUE 


RMS VOLTAGE 
(0.707 OF PEAK) 


Multiply By - 


Average 0.9 AVERAGE VOLTAGE 


(0.637 OF PEAK) 


Peak 1.414 


Average rms L111 


Average Peak 


— TIME 


VOLTAGE 
o 


NEGATIVE 
0.707 ALTERNATION 


Average PEAK NEGATIVE 


| VALUE 
Peak-to-Peak 


Figure 2-5. True RMS test instruments use an rms value that is equal to 0.707 of the peak value of a sine wave, and are 
the best test instruments to use when measuring circuits with solid-state components. 
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TEST LIGHTS 


Test Light Applications 


Test lights are primarily used to determine when 

voltage 1s present in a circuit (the circuit is ener- 

gized), such as when testing receptacles. When 

POSITIVE testing a receptacle, the test light bulb illuminates 

TEST LEAD NEGATIVE when the receptacle is properly wired and ener- 
PSST LEAD gized. See Figure 2-7. 

Whena receptacle is properly wired, a test light 
bulb will illuminate when the test light leads are 
connected from the neutral slot to the hot slot. A 
test light bulb will also illuminate when the leads 
are connected from the ground slot to the hot 
slot. If the test light illuminates when the leads 
are connected from the neutral slot to the ground 
slot, the hot (black) and neutral (white) wires are 
reverse wired. The situation of having the hot and 
neutral wires reversed is a safety hazard and must 
be corrected. 


TEST LEAD TIPS 


Figure 2-6. Test lights provide a visual indication when 
voltage is present in a circuit, but do not indicate the amount 


of voltage. TEST LIGHT — TESTING RECEPTACLES 
DUPLEX 
ELECTRICAL т RECEPTACLE 
BOX | ENERGIZED 

Test Light Advantages/ See T | 
Disadvantages SLOT : 
The advantage of using test lights is that test lights SECURE 
are inexpensive, small enough to carry in a pocket, = 
and easy to use. The disadvantage of test lights is DEUS fA | Exe 
that test lights have a limited voltage-indicating TN NEC TEST LEAD 


range and cannot determine the actual voltage of 
a circuit, only that voltage is present in a circuit. 
Test lights that have a wider voltage range are 
better than test lights that have only one voltage 
rating. For example, a neon test light rated for GROUNDING 
90 VAC to 600 VAC is better than a test light rated SCREW 
for only 120 VAC. Another disadvantage of neon 
test lights is that neon test lights must not be used 
to test ground fault circuit interrupters (GFCIs) 
or ground fault interrupters (GFIs), because the ERAS 
neon bulb does not draw enough current to trip 

the GFCI when connected between the hot side 


of the receptacle and ground. Figure 2-7. A test light (bulb) illuminates when a receptacle 
is energized. 


Test Instruments 


WARNING 4 ! 


If a test light illuminates when the test leads 
are connected to the neutral slot and hot slot but 
does not light when connected to the ground slot 


Always wear proper protective equipment when working around 
energized circuits. Exercise caution when testing voltages 
over 24 V. 


and the hot slot, the receptacle is not grounded. 
When a test light illuminates, but is dimmer than 
when connected between the neutral slot and hot 
slot, the receptacle has an improper ground (hav- 
ing higher resistance). Improper grounds are also 
a safety hazard and must be corrected. 

Testing receptacles is also possible with a 
receptacle tester. A receptacle tester is a device 
that is plugged into a standard receptacle to 
determine if the receptacle is properly wired 
and energized. See Figure 2-8. Some receptacle 
tester models include a ground fault circuit inter- 
rupter or ground fault interrupter test button that 
allows the receptacle tester to be used on GFCI 


Test Light Measurement Procedures 


Before using a test light or any voltage measuring 
instrument, always check the test light on a known 
energized circuit that is within the test light's 
rating to ensure that the test light is operating 
correctly. See Figure 2-9. 


Before taking any measurements using a test 
light, ensure the test light is designed to take 
measurements on the circuit being tested. Refer 


or GFI receptacles. 


to the operating manual of the test instrument 
for all measuring precautions, limitations, and 
procedures. To test for voltage using a test light, 
apply the following procedures: 


RECEPTACLE TESTERS 


ELECTRICAL 
BOX 


DUPLEX 
RECEPTACLE 
ENERGIZED 


RECEPTACLE |a 
TESTER | GROUND © Verify that the test light has a voltage rating 


NEUTRAL higher than the highest potential voltage in the 
r circuit. Care must be taken to guarantee that 
INDICATOR = REVERSE : : 
eae REVERSE the exposed metal tips of the test light leads 
E do not touch fingers or any metal parts not 
being tested. 


REVERSE 
CORRECT 


INDICATOR o 


LIGHT CODE Connect one test lead of the test light to one 


side of the circuit or ground. When testing a 
circuit that has a neutral or ground, connect to 
the neutral or ground side of the circuit first. 


Figure 2-8. Receptacle testers are plugged into standard 
receptacles to determine if the receptacle is properly wired 
and energized. 


d 
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O Connect the other test lead of the test light to the other side (hot side) of the circuit. Voltage is present when 
the test light bulb illuminates. Voltage is less than the rating of the test light when the test light is dimly 
lit and is higher than the rating of the test light when the test light glows brighter than normal. Voltage is 
not present in a circuit or present at a very low level when a test light does not illuminate. 


Ө Remove the test light from the circuit. 


TEST LIGHT WARNING A 


MEASUREMENT PROCEDURES = 
== —— = When a test light does not illuminate, a voltage сап still be 


FROWN 16 present that could cause an electrical shock. A test light can be 
damaged during testing by too high a voltage, so always retest 

a test light on a known energized circuit to verify that the bulb of 
TO CU a test light that indicated no voltage is still operating correctly. 


16 MOTOR 
POWER STARTER 
TO COIL 
/ 
ys 
p ue 


Voltage Indicators 


A voltage indicator is a test instrument that in- 
dicates the presence of voltage when the test tip 
touches, or is near, an energized hot conductor 
or energized metal part. The tip glows and/or the 
= device creates a sound when voltage is present at 
SELECTOR P >> AS the test point. Voltage indicators are used to test re- 


SICH ceptacles, fuses/circuit breakers, breaks in cables, 
and other applications in which the presence of 

О a |! voltage must be detected. See Figure 2-10. 
у ET 2 i | Voltage indicators are available in various volt- 
EY CONNECT | COM age ranges (a few volts to hundreds of volts) and 
MEI AD in the different voltage types (AC, DC, AC/DC) 
p TO for testing various types of circuits. Voltage in- 
DBvERIFv restr "MOTOR dicators rated for 90 VAC to 600 VAC are used 
^9 ee as ea to test power-supply circuits. Voltage indicators 
UE x rated for 24 VAC to 90 VAC are used to test low- 


NEON BULB 
(NOT ILLUMINATED) 


WARNING 


• Follow all electrical safety practices and procedures 


e Check and wear personal protective equipment (PPE) 
for the procedure being performed 


* Perform only authorized procedures 
» Follow all manufacturer recommendations and procedures 


Figure 2-9. Tes! light procedures must be followed to 
ensure the safety of electricians, test lights, and circuits 


being tested. 


voltage control circuits. Some models of voltage 
indicators are available to test for magnetic fields 
(AC, DC, or permanent magnets) or are used to 
test solenoids, transformers, and other types of 
coils for voltage. 


Technical Tip | 


Ninety-nine percent of voltage test lights are for AC use only. 
Test lights can lie (false positive) due to resistance values built 
into the testers by manufacturers. Test lights provide visual 
(LED) indicators that are difficult to see in direct sunlight. 
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VOLTAGE INDICATORS 


TEST TIP 
TEST TIP 


BUZZER— 


NON-VIBRATING VIBRATING 


Figure 2-10. A voltage indicator glows to indicate the 
presence of voltage when the voltage indicator touches, or is 
near, an energized hot conductor or energized metal part. 
a а ett UR RE Si анна аена RES а ае 


Fluke Corporation 


Voltage indicators are pocket test instruments that are easy to use and provide 
a quick visual indication when voltage is present by glowing red. 


Voltage Indicator Advantages/ 
Disadvantages 


The advantages of, voltage indicators are that 
voltage indicators are inexpensive, are small 
enough to carry in a pocket, are easy to use, are 
nonconductive, and indicate a voltage without 
touching any live parts of the circuit, even through 
conductor insulation. One disadvantage of voltage 
indicators is that voltage indicators only indicate 
that voltage is present but do not indicate the 
actual voltage amount. Another disadvantage of 
voltage indicators is that voltage indicators may 
not provide an indication that voltage is present, 
even when voltage is present, as when the wire 
being tested is shielded. 


Voltage Indicator Applications 


Voltage indicators are used for many applica- 
tions, such as finding a break in an extension 
cord or wire, or determining when a receptacle 
is hot (energized). One important application of 
a voltage indicator is in making a preliminary 
test to determine if any metal parts are hot before 
beginning service on a circuit or component. À 
fault occurs when any hot (energized) conductor 
touches a metal part that is not grounded. Faults 
occur because of a nick in conductor insulation, 
or when an exposed metal terminal screw contacts 
another metal part when a switch or receptacle is 
loose. An ungrounded situation occurs any time 
a ground conductor is loose or not connected 
properly. See Figure 2-11. 

Before touching any metal parts of a circuit, 
use a voltage indicator to indicate whether any 
conductors or metal components are hot (en- 
ergized). Voltage indicators glow and/or emit 
sounds when a wire or metal component is prob- 
ably energized. The wire or component must be 
tested with a voltmeter to determine the actual 
voltage amount. When a voltage indicator does 
not glow and/or sound, the wire or metal compo- 
nent is probably not hot (energized), but it may 
be energized when shielded conductors are being 
used. Voltage indicators must only be used as a 
quick precheck to determine if a wire or metal 
component is energized. 
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VOLTAGE INDICATOR — TESTING CORDS 


VOLTAGE 
PRESENT 


PRESENT А WARNING 


NO VOLTAGE Voltage indicators must only be 
PRESENT used as a quick precheck to 
determine if voltage is present 


Figure 2-11. Voltage indicators are typically used to find a break in a power cord, or to determine when a receptacle is 
hot (energized). 


Voltage Indicator Measurement 
Procedures 


Before using a voltage indicator or any voltage 
measuring instrument, always check the voltage 
indicator on a known energized circuit that is 
within the voltage rating of the voltage indicator 
to verify proper operation. A voltage indicator 
is Operating properly when the indicator glows 
or emits a sound when the tip is placed next to 
a hot (energized) conductor. The hot side (short 
slot or black wire) of a standard receptacle is 


typically used to test voltage indicators. See | ie 
Figure 2-12. AEMC® Instruments 


High voltage voltage indicators detect voltages from 220 V to 275 kV. 


Test Instruments 


Before taking any measurements using a 
voltage indicator, ensure the indicator is de- 
signed to take measurements on the circuit being 
tested. Refer to the operating manual of the test 
instrument for all measuring precautions, limi- 
tations, and procedures. Always wear required 
personal protective equipment and follow all 
safety rules when taking the measurement. To 
test for voltage using a voltage indicator, apply 
the following procedures: 


9 Verify that the voltage indicator has a voltage 
rating higher than the highest potential volt- 
age in the circuit being tested. When circuit 
voltage is unknown, slowly bring the voltage 
indicator near the conductor being tested. 
The voltage indicator will glow and/or sound 
when voltage is present. The brighter a volt- 
age indicator glows, the higher the voltage 
or the closer the voltage indicator is to the 
voltage source. 


O Place the tip of the voltage indicator on or 
near the wire or device being tested. When 
testing an extension cord for a break, test 
several points along the wire. Expect the 
voltage tester to turn ON and OFF when 
moved along a cord that has twisted wire 
conductors, because the hot wire will change 
position along the cord. 


Remove voltage indicator from test area. 


© © 


When the voltage indicator does not indicate 
the presence of voltage by glowing or mak- 
ing a sound, do not assume that there is no 
voltage and start working on exposed com- 
ponents of a circuit. Always take a second 
test instrument (voltmeter or multimeter) and 
measure for the presence of voltage before 
working around or on exposed wires and 
electrical components. 


WARNING __ e ү À 


When a voltage indicator does not glow or sound, a voltage 
that can cause an electrical shock may still be present. Always 
retest a voltage indicator on a known energized circuit after use 
to verify that the voltage indicator is operating properly. 


VOLTAGE INDICATOR 
MEASUREMENT PROCEDURES 


REMOVE VOLTAGE 
INDICATOR 


FROM CIRCUIT 
VERIFY С 


VOLTAGE INDICATOR 
VOLTAGE RATING @| 


AIR 
COMPRESSOR 


Р) PLACE TEST TIP 
ON OR NEAR WIRE 


ALWAYS TAKE 
SECOND MEASUREMENT 
WITH OTHER INSTRUMENT @] 


Figure 2-12. A second test instrument is used to verify 
when voltage is present. 


Voltage Testers 


A voltage tester is an electrical test instrument 
that indicates the approximate voltage amount 
and type of voltage (AC or DC) in a circuit by 
the movement of a pointer (and vibration on 
some models). When a voltage tester includes a 
solenoid, the solenoid vibrates when the tester is 
connected to AC voltage. Some voltage testers 
include a colored plunger or other indicator such 
as a light that indicates the polarity of the test 
leads as positive or negative when measuring a 
DC circuit. See Figure 2-13. 
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Voltage Tester Advantages/Disadvantages 


Advantages of voltage testers are that electricians can concentrate on placing the test leads instead of reading the 
tester and the meters have a lower impedance (resistance) than voltage indicators or digital multimeters. GFCIs 
are designed to trip at approximately 6 mA (0.006 A). A disadvantage of voltage indicators is that electronic 
equipment measurements are affected by solenoid voltage testers. Voltage indicators and multimeters cannot be 
used to trip GFCIs during a test (when connected from the hot receptacle slot to ground). The lower impedance 
of voltage testers allows voltage testers to be used for testing GFCIs. 


Voltage Tester Applications TESTING GFCI RECEPTACLES 


COMMON TEST 
Voltage testers are used to take voltage measure- Bac ШЕ 2 GFCI RECEPTACLE 
ments any time the voltage of a circuit being tested CIRCUIT 
is within the rating of the tester and an exact voltage MOLDE n TEST LEAD 
measurement is not required. Exact voltage measure- ee EAD : 
ments are not required to determine when a recep- CONNECTED 


tacle is hot (energized), a system is grounded, fuses us 


orcircuit breakers are good or bad, or when a system 


isa 115 VAC, 230 VAC, or 460 VAC circuit. Because 

test lights, voltage indicators, and voltmeters do not | 

draw enough current to trip а GFCI receptacle, volt- A : 037 5 EI 
age testers are considered the best test instrument h $, COLORED шын, [шаг 
for testing GFCI receptacles. Properly wired GFCI ~*~, ( | 
receptacles trip when the test button on the receptacle hw 

: а COMMON TEST = 

is pressed. See Figure 2-14. | LEAD POSITION FOR 


TESTING IF GFCI TRIPS 
OLTAGE TESTER 
ae 5 


VOLTAGE TESTERS 


COLORED 
PLUNGER 


i 


СЕС! RECEPTACLE 


RESET BUTTON 


TEST BUTTON 


GFCI TEST IN 
PROGRESS LIGHT 


VOLTAGE 
TESTER 


TEST ОН KNOWN 
LIVE CIRCUIT 
GEFORE USE 


INDICATOR LIGHT—CODE 
GFCI RECEPTACLE TESTER 


AC VOLTAGE DC/AC VOLTAGE 
TESTER TESTER 


Figure 2-14. Voltage testers and GFCI receptacle testers 
Figure 2-13. Voltage testers indicate the approximate volt- are the best test instruments to use when testing СЕС! 
age amount and type of voltage (AC or DC) in a circuit. receptacles. 
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Test Instruments 


wo " 
Ot iv i \ © Observe the voltage measurement displayed. 


А. 3 Е n Ө Remove the voltage tester from the circuit. 


VOLTAGE TESTER — 
MEASUREMENT PROCEDURES 


VERIFY VOLTAGE TESTER 
OBSERVE 
VOLTAGE RATING VOLTAGE 


FROM 30 DISPLAYED @ 


€ POWER SUPPLY, 
» L3 
F v А к т „А.ж шы КОО L2 COLORED 
Voltage testers are test instruments commonly used when testing the fuses uelle L1 (550 VAC) 
in a 36 disconnect. E 


TO 


CONTROL 
Voltage Tester Measurement n 


Procedures 


Before using a voltage tester or any voltage 
measuring instrument, always check the voltage 
tester on a known energized circuit that is within 
the voltage rating of the voltage tester to verify 


proper operation. See Figure 2-15. CONNECT 
| COMMON 
Before taking any voltage measurements us- TEST LEAD 
ing a voltage tester, ensure the tester is designed TO CIRCUIT @ 
to take measurements on the circuit being tested. CONNECT 
Refer to th i 1 of the test inst SS 
efer to the operating manual of the test instru- TEST LEAD & 
ment for all measuring precautions, limitations, TO CIRCUIT є 


and procedures. Always wear required personal 
protective equipment and follow all safety rules 


when taking the measurement. To take a voltage Ө remove 
measurement with a voltage tester, apply the fol- TESTER FROM 
: A CIRCUIT 
lowing procedures: 36 MOTOR 


© Verify that the voltage tester has a voltage rat- 
ing higher than the highest potential voltage 
in the circuit being tested. 


Figure 2-15. A voltage indicator shows a voltage reading 
and vibrates if the circuit current is AC. The indicator shows 
a voltage reading, but does not vibrate if the current in the 


Ө Connect the common test lead to the point of circuit is DC. 


testing (neutral or ground). 


© Connect the voltage test lead to the point of 


testing (ungrounded conductor). The pointer WARNING ^ 
of the voltage tester indicates a voltage read- A no 
wg and vibrates when the current in the UN When a voltage tester does not indicate a voltage, a voltage 
is AC. The indicator shows a voltage reading that can cause an electrical shock may still be present. A 
and does not vibrate when the current in the voltage tester can be damaged during testing by excessive 


high voltages, so always retest a voltage tester on a known 
energized circuit to verify that the tester that did not indicate a 
voltage is still operating correctly. 


circuit is DC. 
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Circuit Analyzers 


Most loads found in households, offices, construction sites, schools, and stores are loads that are designed to be 
connected to receptacles (outlets) for power. Voltage testers and GFCI receptacle testers are used to verify that 
GFCI receptacles are wired correctly and operating at the proper voltage level, and that the GFCI trips properly. 

Circuit analyzers are used to test multiple circuit operating functions and potential problems. A circuit analyzer 
is a receptacle plug and meter that determines circuit wiring faults (reverse polarity or open ground), tests for proper 
operation of GFCIs and arc fault breakers (AFCIs), and displays important circuit measurements (hot/neutral/ground 
voltages, impedance, and line frequency). Circuit analyzers are used to test a circuit for the following: 

* Proper receptacle wiring. Circuit analyzers detect open grounds, reverse polarity (hot and neutral are re- 
versed), when hot and ground are reversed, and when there is an open hot or neutral wire. 

e Proper GFC] receptacle wiring and operation. Circuit analyzers test GFCIs not only by tripping a GFCI but also 
by displaying the amount of current (in mA) that tripped the GFCI and the time (in ms) the GFCI took to trip. 

* Proper AFCI wiring and operation. 

* Proper rms circuit voltages. Voltage measurements taken between ground and neutral provide an approxi- 
mation of how much load is on a circuit and when there is an illegal ground to neutral connection. Zero 
volts indicates that there is a neutral to ground connection and a measurement over 5 V typically indicates 
that the circuit is overloaded. 

* Proper line frequency. 

* Properline impedances. High conductor impedance indicates the existence of too much load on the circuit, 
undersized conductors, or a high-resistance connection in the circuit. 

* Proper peak voltage. By comparing peak voltage to the rms voltage of a circuit, an indication of the num- 
ber and amplitude of harmonics present on a line can be obtained. When an AC sine wave is pure (has no 
distortion), the peak voltage is equal to the rms voltage multiplied by 1.41. The greater the difference from 
the expected calculated value (rms times 1.41), the more distorted the AC sine wave. 


Circuit Analyzer Measurement 
Procedures 

Before taking any circuit measurements using a 
circuit analyzer, ensure the analyzer is designed 
to take measurements on the circuit being tested. 
See Figure 2-16. Refer to the operating manual 


(4) Compare the measurements to normal ex- 
pected values. See Appendix. 


Ө Remove the circuit analyzer from the recep- 
tacle (branch circuit). 


of the test instrument for all measuring precau- 
tions, limitations, and procedures. Always wear 
required personal protective equipment and follow 
all safety rules when taking the measurement. To 
test a receptacle using a circuit analyzer, apply the 
following procedures: 


Ф Plug the circuit analyzer into the receptacle 
(branch circuit) being tested. 


Ө Allow the analyzer to take circuit measurements. 


Ө Read and record measurements while scrolling 
through values recorded. 


Voltage Measurement Analysis 


Typically, all AC voltage sources vary from 
fluctuations in the AC voltage over the power 
distribution system. When voltage measurements 
are different from what was expected, the volt- 
age measurement is more likely to be lower than 
normal. Voltage measurements taken from AC 
power systems must be within -10% and +5% 
of the rating of the load(s) in the circuit. Voltage 
measurements taken from DC power systems 
must be within —1046 and +10% of the rating of 
the load(s) in the circuit. See Figure 2-17. 
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CIRCUIT ANALYZER — MEASUREMENT PROCEDURES — 


CIRCUIT ANALYZER 
TEST AND MEASUREMENTS 


* Checks/Measures 
* Line rms Voltage 

* Line Peak Voltage 
* Line Frequency 

* Line Impedances 


* Test Ground Fault 
Circuit Interrupter (GFCD 


„ Test Arc Fault Breaker (AFCI) 
e Test Circuit Wiring 
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Figure 2-16. Circuit analyzers determine circuit wiring faults, test for proper operation of GFCls and AFCIs, and display 
important circuit measurements. 


SYSTEM VOLTAGE RANGES* 


m"— SERVICE RANGE POINT OF USE RANGE 
Acceptable Acceptable 


120, 10 114 – 126 114 – 126 110 - 126 106 – 127 
120/240, 19 114/228 – 126/252 114/228 — 126/252 110/220 — 126/252 106/212 — 127/254 


120/208, 30 114/197 — 126/218 114/197 — 126/218 110/191 — 126/218 106/184 — 127/220 


120/240, 3$ 114/228 – 126/252 114/228 – 126/252 110/220 - 126/252 106/212 — 127/254 


277/480, 30 236/456 — 291/504 236/456 — 291/504 254/440 — 291/504 254/424 — 293/508 
* in volts 


Figure 2-17. Voltage measurements taken from AC power systems should be within -10% and +5% of the rating of the 
load(s) in the circuit, and DC power systems should be within -1076 and +10% of the rating of the load(s) in the circuit. 


Voltage Unbalance 


Voltage unbalance (imbalance) is the unbalance 
that occurs when the voltages at the terminals 
of a motor or other 36 load are not equal. When 
voltage to a 3 motor is unbalanced, one or two 
windings overheat, causing thermal deterioration 
of the windings. Voltage unbalance also results ina 
current unbalance. Line (L1, L2, and L3) voltages 
must be tested for voltage unbalance periodically 
and during all service calls. Voltage unbalance 
should not be more than 1%. Whenever there is a 
voltage unbalance of 2% or greater, the following 
steps must be taken: 

1. Check the surrounding power system for exces- 
sive loads connected to one line (L1, L2, or L3). 
Use a power quality meter to measure the true 
power, apparent power, reactive power, power fac- 
tor, and displacement power factor of a circuit. 

2. Adjust the load or motor rating by reducing the 
load on the motor or by oversizing the motor 
if the voltage unbalance cannot be corrected. 

3. Notify the local power company. 

The primary source of voltage unbalances of 
less than 2% is too many 16 loads on one phase 
of a three-phase distribution system. High voltage 
unbalances are commonly caused by a blown fuse 
in one phase of a three-phase capacitor bank. 

Voltage unbalance is found by applying the fol- 
lowing standard procedures. See Figure 2-18. 


Q Measure the voltage between each incoming 
power line. Take measurements from L1 to 
L2, L1 to L3, and L2 to L3. 


O Add the voltages. 
© Find the voltage average by dividing by 3. 


Ө Find the voltage deviation by subtracting the 
voltage average from the voltage with the 
largest measurement. 


Ө Find the voltage unbalance by applying the 


formula: 
|. V, x 100 
и ES V, 
where 


У = voltage unbalance (in 96) 
У = voltage deviation (in V) 
У = voltage average (in V) 
100 = constant 
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Figure 2-18. Voltage unbalance should not be more 
than 1%. Voltage unbalances that are 2% or more must be 
eliminated. 


When a 3ф motor fails due to voltage unbalance, 
one or two of the stator windings become black- 
ened. See Figure 2-19. The darkest winding is the 
winding with the largest voltage unbalance. 
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VOLTAGE UNBALANCE — 
MOTOR DAMAGE 


Resistance measurements are normally taken 
to indicate the condition of a circuit or component. 
The higher the resistance in a circuit, the lower 
the current flow through the circuit. Likewise, the 
lower the resistance in a circuit, the higher the 
current flow through the circuit. Components de- 
signed to insulate, such as rubber or plastic, have 
tis ens very high resistance values. Components designed 

to conduct, such as conductors or component 
ONE OR TWO contacts, have very low resistance values. 
BLACKENED When insulators are damaged by moisture 
WINDINGS : в 
and/or overheating, resistance decreases. When 
conductors are damaged by burning and/or cor- 
rosion, resistance increases. Other components 
such as heating elements and resistors have a 
fixed resistance value. Any significant change 
in the fixed resistance value typically indicates 
a problem. Some components such as resistors 
inciude on the component a resistance value along 


Electrical Apparatus Service Association, Inc. 
with a tolerance. When a tolerance is indicated, 


Figure 2-19. One or two of the stator windings of a motor the measured resistance value must be within the 
become blackened when a 36 motor fails due to voltage specified resistance range. 
unbalance. 

OHMMETERS 

An ohmmeter is a test instrument that measures 

resistance. See Figure 2-20. Resistance (R) is the 

opposition to the flow of electrons in a circuit. Re- OHM MEASUREMENT 

E | | } (О, КО, МО) АМО 
sistance is measured in ohms (©). Higher resistance CONTINUITY BUZZER 


measurements are expressed using prefixes, as in 
kilohms (kQ2) and megohms (MQ). Resistance 
measurements оп permanent test instruments are 
displayed as О, КО, and MQ. Prefixes are used to 
simplify the measurement displayed. 

All test instruments that include an ohmmeter 
setting measure the amount of resistance in a 
de-energized circuit or component. Circuits or 


- . U Бү e 
components are not required to be energized дыю ОРЕ 7 


о . h Selacti 
because the test instrument (set for resistance аш 


measurement) has an internal battery that is used 
AC/DC VOLTAGE 


to supply voltage to the test instrument leads MEASUREMENT 
and the component being tested. All resistance AC CURRENT 
measurements must be taken with a de-energized MEASUREMENT 


circuit. When a circuit includes a capacitor, the 


capacitor must be discharged before taking any 
resistance readings of the circuit. Figure 2-20. The amount of resistance (ohms) is measured 
in de-energized circuits or components. 
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Continuity Testers 


A continuity tester is a test instrument that tests for a complete path for current to flow. For example, a closed 
Switch that is operating properly has continuity. An open switch does not have continuity. See Figure 2-21. 
Some test instruments test for continuity using a continuity test mode. The continuity test mode is commonly 
used to test components such as switches, fuses, electrical connections, and individual conductors. The test 
instrument emits an audible response (beeps) when there is a complete path. Indication of a complete path can 
be used to determine the condition of a component as open or closed. For example, a good fuse should have 
continuity, whereas a bad fuse does not have continuity. 


CONTINUITY TEST 


TEST INSTRUMENT DISPLAYS 
OVERLOAD (MAXIMUM RESISTANCE) 
IF CONNECTED TO OPEN CIRCUIT 
AND DOES NOT BEEP 


TEST INSTRUMENT BEEPS 
RESISTANCE DISPLAYED 
WITH CONTINUITY 


TEST INSTRUMENT BEEPS 
IF CONNECTED TOA 
LOW-RESISTANCE PATH 


TEST INSTRUMENT SET TO 
LOWEST RANGE WHEN TESTING 
LOW-RESISTANCE COMPONENTS 


MULTICONDUCTOR 
CABLE 


CONNECT ONE PAIR OF CONDUCTORS 


TEST INSTRUMENT OPEN CONDUCTOR TESTING 


OPERATION 


Figure 2-21. A continuity checker is a simple test instrument that tests de-energized circuits or components for a complete 
path for current to flow. 


Continuity Tester Advantages/Disadvantages 


The main advantage of using the continuity test mode of a test instrument is that an audible response is some- 
times more desirable than reading a resistance measurement. An audible response allows the electrician to 
concentrate on the testing procedures without looking at the display. The main disadvantage of using a conti- 
nuity tester is that continuity testers only indicate continuity by sound on a circuit or component. Continuity 
testers only operate with circuits that have very low resistance (typically 40 Q or lower) and will not indicate 
the actual resistance measurement of the circuit or component being tested. 


Test Instruments 


WARNING 


Continuity Tester Applications 


Continuity testers are used to test for a complete | A continuity tester must only be used on de-energized circuits or 


flow path (open broken, or closed) in any de- components. Any voltage applied to a continuity tester causes 
: | damage to the test instrument and/or harm to the electrician. 


energized low-resistance device. A continuity tester Always test a circuit for voltage before taking a continuity test. 


is a common test tool to use when testing single- 
pole, 3-way, and 4-way switches. See Figure 2-22. 


For example, a 3-way switch has one terminal Before taking any continuity measurements 
that is the “common” terminal. Depending upon using a continuity tester, ensure the meter is 
the manufacturer, the common terminal can be designed to take measurements on the circuit 
located in any position on a 3-way switch. The being tested. Refer to the operating manual of 
common terminal is often identified on a 3-way the test instrument for all measuring precautions, 
switch by a different color. On specialty switches, limitations, and procedures. Always wear required 
such as automobile switches, the common termi- personal protective equipment and follow all 
nal is not identified. Continuity testers are used safety rules when taking the measurement. To 
to determine the common terminal and proper take continuity measurements with a continuity 
switch operation. tester, apply the following procedures: 

ӨЮ Set the continuity tester function switch to 
Continuity Tester Measurement continuity test mode as required. Most test 
Procedures instruments have the continuity test mode and 
Continuity is tested with a test instrument set on resistance mode sharing the same function 
the continuity test mode. See Figure 2-23. switch position. 


CONTINUITY TESTER — TESTING SINGLE-POLE SWITCHES 


SPST SWITCH 


CONTINUITY CONTINUITY 
CHECKER | CHECKER 
(NO BEEPING) (BEEPING) 


SWITCH OFF SWITCH ON 


Figure 2-22. Single-pole switches (SPST) have continuity (buzzing) when closed (ON) and no continuity (no buzzing) when 
open (OFF). 
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Ө with the circuit de-energized, connect the test leads across the component being tested. The position of the 
test leads is arbitrary. 


Ө When there is a complete path (continuity), the continuity tester beeps. When there is no continuity (open 
circuit), the continuity tester does not beep. 


Ө After completing all continuity tests, remove the continuity tester from the circuit or component being 
tested and turn the instrument OFF to prevent battery drain. 


CONTINUITY TESTER MEASUREMENT PROCEDURES 
CONNECT TEST LEADS @ F === 7 A WARNING 


FROM 36 | E 
POWER SUPPLY { d ; E Remove all power 


before taking continuity 
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36 MOTOR THERMAL CONTACT 
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CONTROL B О Е аа pu | CONTINUITY 
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AND AS AM ү ; LCS TA | 
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AUXILIARY CONTACT 


з AD | 
AUXILIARY /** | ЗЗА : : © continuity- 
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CONTINUITY 
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PHASE THERMAL  , 
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THERMAL LEAD CONTACTING HO REMOVE CONTINUITY 
CONTACT CONDUCTORS T2 TERMINAL CHECKER FROM CIRCUIT 
DISCONNECTED AND TURN OFF 


Figure 2-23. The position of the test leads during a continuity test is arbitrary. 


Technical Tip 
: - Ohmmeter Resistance Measurement 


PC board trace continuity testers test the paths of Ohmmeter resistance measurements are taken to 
traces by touching the tips of the tester to the compo- determine the resistance (condition) of de-energized 
nents on the circuit board. An audible beep verifies the (having alll waren IND) лу б Коо. 
continuity of a specific circuit. Trace continuity testers MP sae era vital с чш Y 


use a low voltage that will not bias semiconductor \ | 
devices into conduction or harm any sensitive compo- take resistance measurements. See Figure 2-24. 


nents on a PC board. 
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ANALOG AND DIGITAL OHMMETERS 
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Figure 2-24. Analog and digital ohmmeters must be set to zero before any resistance measurements are performed. 


Analog ohmmeters have a function switch that must be set to ohms and a selector switch that must be set to 
a range position (Q, R x 1, Rx 100, Rx ІК, or R x 10,000). Because resistance measurements are taken using 
the internal batteries of an ohmmeter, the pointer of the meter must be zeroed for the condition of the batteries 
before taking any resistance measurements. The pointer of an analog ohmmeter is zeroed by connecting the 
two test leads together and adjusting the zero adjuster control knob until the pointer is on 0 Q. Zeroing the 
pointer must be performed each time the ohmmeter function switch or selector switch positions are changed 
to a different range because battery condition affects resistance measurements. 

Digital ohmmeters have a function switch that must be set to the resistance measurement (©) mode. As 
with analog ohmmeters, digital ohmmeters also use internal batteries to take resistance measurements. Digi- 
tal ohmmeters are zeroed (meter reads resistance of test leads) by setting the function switch of the meter to 
the resistance measurement (£2) position and touching the two test leads of the meter together. Some digital 
ohmmeters read the resistance of the test leads, while other ohmmeters automatically set to zero. When the 
resistance of the test leads is displayed, the displayed resistance of the test leads is eliminated, zeroing the 
meter, by pressing the relative mode (REL) button on the digital ohmmeter. 


Ohmmeter Applications 


Ohmmeter measurements not only are used to determine the resistance of a circuit or component, but are also 
used to determine the type or wiring of a component being tested. For example, an ohmmeter being used for 
a resistance test can be used to determine if a 9-lead, 3 motor is wye or delta connected and if the windings 
of the motor are in good condition. See Figure 2-25. 
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OHMMETER — TESTING MOTOR WINDINGS 


COIL IS 
SHORTED ^i 9-LEAD, 30, 


Ye HP MOTOR 


COIL IS 
OPEN 


NORMAL 
READING 
(Ve HP MOTOR) | 


DUAL-VOLTAGE, 
DELTA-CONNECTED MOTOR 


DELTA MOTOR RESISTANCE MEASUREMENTS 


Tl —T4 or TA- Т9 | Resistance of 1 motor winding 


T2- Т5 or T2—T7 | Resistance of 1 motor winding 


T3- Тб or T3- T8 | Resistance of 1 motor winding 


T4 — T9 or T5 - T7 | Resistance of 2 motor windings 
ог T6 ~ T8 (Twice the resistance of 1 winding) 


DUAL-VOLTAGE, 
WYE-CONNECTED MOTOR 


WYE MOTOR RESISTANCE MEASUREMENTS 


Tl - Т4 ог Т2 – Т5 | Resistance of 1 motor winding 
or T3 — T6 


T4 – Т9 or T5 - T7 | Resistance of 2 motor windings 
or Тб – Т8 (Twice the resistance of 1 winding) 


Figure 2-25. Ohmmeters are used to determine when 9-lead, 36 motors аге wye or delta connected and if the windings 


are open or shorted. 


Ohmmeters are used to test for open and short motor windings, and/or to test the resistance of the wind- 
ings. An open winding of a motor is displayed as an overload (OL). A shorted motor winding is displayed as 
0 О or as a lower than normal winding resistance; this applies for T1 to T4 on both wye- and delta-connected 


nine-lead motors. 
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Continuity testers beep, but some multimeters set to measure continuity emit 
an acoustic signal that is proportional in pitch to the resistance measured 


in a circuit. 


ASSI im ы 


WARNING 


j Ohmmeters measure resistance on de-energized circuits or 


components. Low voltages from circuits applied to ohmmeters 
set to measure resistance cause inaccurate readings and 
possible meter damage. High voltages from circuits applied 
to ohmmeters set to measure resistance cause ohmmeter 
damage, even when the DMM has internal protection. Always 
verify that circuits or components do not have voltage before 
taking any resistance measurements. 


Ohmmeter Measurement Procedures 


Before taking any resistance measurements us- 
ing an ohmmeter, ensure the meter is designed 
to take measurements on the circuit being tested. 
See Figure 2-26. Refer to the operating manual 
of the test instrument for all measuring precau- 
tions, limitations, and procedures. Always wear 
required personal protective equipment and follow 
all safety rules when taking the measurement. 
Resistance is measured with test instruments 
that include a resistance measurement mode by 
applying the following procedures: 


© Verify that all power is OFF to the circuit 
and remove the component being tested 
from the circuit. 


Ө Set the ohmmeter function switch to the re- 
sistance mode as required. Test instruments 
display OL and the ohm (Q) symbol when 
set to the resistance mode. 


© Plug the black test lead into the common jack 
when required. 


Q Plug the red test lead into the resistance jack 
when required. 


Ө Ensure that the batteries of the test instrument 
are in good condition. Most digital meters 
display the battery symbol when the batteries 
are low. 


Q Zero the ohmmeter. When the test leads of the 
ohmmeter are connected together the display 
of the meter should read 0 Q. However, the 
resistance of the test leads (typically 0.2 Q to 
0.5 Q) may be displayed and can affect a very 
low resistance measurement when the ohm- 
meter does not have a relative mode button to 
set the meter to zero. 


© Connect the test leads across the circuit or 
component being tested. Ensure that the 
contact between the test leads and the circuit 
or component is correct. Dirt, solder flux, oil, 
and other foreign substances greatly affect 
resistance readings. Also, any contact with 
the metal ends of the test leads by the fingers 
of the electrician during the resistance test 
affects the resistance measurement. 


Q Read the resistance measurement displayed on 
the ohmmeter. 


© After completing all resistance measurements, 
remove the ohmmeter from the circuit or 
component and turn the meter OFF to prevent 
battery drain. 


| Technical Tip | Tip = 


Only batteries approved by the manufacturer of a test instru- 
ment may be used in a test instrument. After removing the 
old batteries, the contacts of the new batteries and the battery 
holders of the test instrument must be cleaned. Ensure the 
correct polarity when inserting new batteries into holders. 


Follow the procedure for battery replacement: 
* Always replace all of the batteries at one time. 


* Ensure that the polarity of the new batteries matches the 
test instrument. 


* Dispose of used batteries properly, in an environmentally 
friendly manner. 
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OHMMETER MEASUREMENT PROCEDURES 
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Figure 2-26. Electricians must always verify that circuits or components do not have voltage before taking any resistance 
measurements. 


Resistance Measurement Analysis 


The significance of the information obtained from a resistance measurement depends on the component being 
tested. Typically, the resistance of a component varies over time, and resistance varies slightly from component 
to component. Slight resistance changes are not considered critical, but changes may indicate a pattern that 
must be noted. For example, as the resistance of a heating element increases over time, the current passing 
through the heating element decreases, and the heat produced by the heating element also decreases. 

Typically, components used in control circuits, such as switches and relay contacts, have very low resistance 
when new, but increase in resistance over time from causes such as wear, dirt, and heat. Loads such as motors 
and solenoids decrease in resistance over time from insulation breakdown and moisture in the ambient air. 

The resistance measurement displayed by ohmmeters is the total resistance through all possible paths found 
between the test leads. Electricians must be aware of the possible series and parallel connections involved when 
taking resistance measurements across a component that is part of a circuit. The resistance of all components 
connected in parallel with the component being tested affects, and typically lowers, the resistance reading. 
Always check the circuit schematic for parallel and series flow paths. See Figure 2-27. 
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| | RESISTANCE MEASUREMENT ANALYSIS 
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HEATING ELEMENTS (RESISTANCE 10 Q) 
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RESISTANCE OF LOWER 
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Figure 2-27. The resistance measurement displayed by ohmmeters is the total resistance through all possible paths of a 
circuit, found between the test leads. 


Megohmmeters 


A megohmmeter is a high-resistance ohmmeter used to measure insulation deterioration on various wires by 
measuring high resistance values during high voltage test conditions. Megohmmeter test voltages range from 
50 V to 5000 V. A megohmmeter detects insulation failure or potential failure of insulation caused by excessive 
moisture, dirt, heat, cold, corrosive substances, vibration, and aging. See Figure 2-28. 


Megohmmeter Applications 


Some insulation, such as that found on conductors used to wire branch circuits, is thick insulation that is hard 
to damage or break down. Other insulation, such as the insulation used on motor windings, is very thin (to save 
weight and space) and breaks down more easily. Megohmmeters are used to test for insulation breakdown in 
long wire runs, motor windings, and transformers. See Figure 2-29. 

The minimum resistance of motor windings depends on the voltage rating of the motor. The minimum 


acceptable resistance measurements are typically found in manufacturer recommended resistance tables. See 
Figure 2-30. 
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BATTERY-POWERED HAND-CRANK-POWERED 


Figure 2-28. Megohmmeters are available in different designs with a variety of functions and features. 


MEGOHMMETER — MEASURING MOTOR WINDINGS 
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RECOMMENDED MINIMUM 
.. RESISTANCE* 


MOTOR VOLTAGE RATING | MINIMUM ACCEPTABLE 
(from nameplate) RESISTANCE! 


Less than 208 100,000 Q 


208 — 240 200,000 2 


240 — 600 300,000 Q 


600 — 1000 1 MQ 


1000 — 2400 2MQ 


2400 — 5000 3 MQ 


* values for motor windings at 40°C 

Tin ohms 

Figure 2-30. The minimum resistance of motor windings 
depends on the voltage rating of the motor as recommended 
by the manufacturer. 


Insulation allows conductors to stay sepa- 
rated from each other and from earth ground. 
Insulation must have a high resistance to prevent 
current from leaking through the insulation. All 
insulation has a resistance value that is less than 
infinity, which allows some current leakage to 
occur. Leakage current is current that leaves the 
normal path of current flow (hot to neutral) and 
flows through a ground wire. Under normal op- 
erating conditions, the amount of leakage current 
is so small—measured in microamperes—that 
the leaking current has no effect on the operation 
or safety of a circuit. The total leakage current 
through insulation is the combination of conduc- 
tive leakage current, capacitive leakage current, 
and surface leakage current. 


Conductive Leakage Current 


Conductive leakage current is the small amount 
of current that normally flows through the insula- 
tion of a conductor. Conductive leakage current 
flows from conductor to conductor or from a hot 
conductor to ground. See Figure 2-31. Ohm's law 
is used to determine the amount of conductive 
leakage current. 

Insulation decreases in resistance as insulation 
ages and is exposed to damaging elements. The 
resistance of conductor insulation decreases as 
conductive leakage current increases. An increase 
in conductive leakage current results in additional 
insulation deterioration. Conductive leakage cur- 
rent is kept to a minimum by keeping insulation 
clean and dry. 


Capacitive Leakage Current 


Capacitive leakage current is leakage current 
that flows through conductor insulation due to a 
capacitive effect. A capacitor is an electronic de- 
vice used to store an electric charge. A capacitor is 
created by separating two plates with a dielectric 
material. Two conductors that run next to each 
other act as a low-level capacitor. The insulation 
between the conductors is the dielectric and the 
conductors are the plates. See Figure 2-32. 

Conductors carrying DC voltages typically 
produce little capacitive leakage current because 
the leakage current lasts for only a few seconds 
and then stops. AC voltages produce continuous 
capacitive leakage current but the capacitive leak- 
age current can be kept to a minimum by separat- 
ing or twisting the conductors along the run. 


OHM’S LAW 


Ohm’s law is the relationship between voltage, current, 
and resistance in an electrical circuit. 

(B= xs ini 
where 

E - voltage (in V) 

l= current (in A) 

Н = resistance (in О) 


"Troubleshooting Tip 


Ec 
Voltage = current x resistance 


{== 


R 


Current = voltage + resistance / EN 
І 


Resistance = voltage + current 


CONDUCTIVE LEAKAGE CURRENT 


INSULATION HAS 
RESISTANCE BUT 
ALLOWS CONDUCTIVE 
LEAKAGE CURRENT 
TO FLOW 


INSULATION 
CONDUCTORS 


Figure 2-31. Conductive leakage current is a small amount 
of current that flows through the insulation of a conductor, from 
conductor to conductor, or from a hot conductor to ground. 
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| Technical Tip | Tip 


According to the International Electrotechnical Commission 
Safety Standard 950, double-insulated meters can have a 
maximum leakage current of 0.25 mA, grounded handheld 
meters can have a maximum leakage current of 0.75 mA. 


CAPACITIVE LEAKAGE CURRENT 


INSULATION ACTS 
AS DIELECTRIC 


CONDUCTORS ACT AS 
CAPACITOR PLATE 


LEAKAGE CURRENT 


INSULATION 
(DIELECTRIC) 


CONDUCTORS 
(PLATES) 


Figure 2-32. Capacitive leakage current is a small amount 
of current that flows around conductor insulation due to a 
capacitive effect, because the insulation acts as a dielectric, 
and the conductors act as plates. 
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Surface Leakage Current 


Surface leakage current is current that flows from 
areas on conductors where insulation has been 
removed to allow electrical connections. Conduc- 
tors are terminated with wire nuts, splices, spade 
lugs, terminal posts, and other fastening devices 
at different points along an electrical circuit. The 
point at which insulation is removed from a wire 
provides a low resistance path for surface leakage 
current, with dirt and moisture allowing additional 
surface leakage current to occur. Surface leak- 
age current results in increased heat at the point 
of connection. Increased heat contributes to an 
increase in insulation deterioration, which makes 
the conductor brittle. Surface leakage current is 
kept to a minimum by making all connections 
clean and tight. See Figure 2-33. 

Conductors carrying AC voltage have the volt- 
age varying between 0 V and peak voltage due 
to the alternating characteristic of AC voltage. 
Surface leakage current flows continuously as AC 
voltage alternates. 


SURFACE LEAKAGE CURRENT 


PATH FOR SURFACE 
LEAKAGE CURRENT 


INSULATION 


P = 


WIRE NUT SPLICE 


2— P 


SPADE LUG TERMINAL POST 


Figure 2-33. Surface leakage current is current that 
flows from areas on conductors where insulation has been 
removed creating increased heat, which contributes to 
insulation deterioration. 
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WARNING 


zh 


Verify that voltage is not present in a circuit or component 
being tested before taking any resistance measurements with 
a megohmmeter. Ensure that no body part contacts the high- 
voltage section of the megohmmeter test leads. 


Megohmmeter Measurement 
Procedures 

Megohmmeters send high voltages into conduc- 
tors or motor windings to test the insulation. See 


Figure 2-34. 

Before taking any resistance measurements us- 
ing a megohmmeter, ensure the meter is designed 
to take measurements on the circuit being tested. 
Refer to the operating manual of the test instru- 
ment for all measuring precautions, limitations, 
and procedures. Always wear required personal 
protective equipment and follow all safety rules 
when taking the measurement. To take a resistance 
measurement with a megohmmeter, apply the 
following procedures: 


Ө Ensure that all power is OFF in the circuit or 
component being tested. Test the circuit for 
voltage using a voltmeter. 


Ө Set the megohmmeter function switch to voltage 
(the proper voltage range for the circuit to be 
tested). The test voltage used to test a conductor 
or motor winding must be as high as or higher 
than the highest voltage to which the conductor 
or motor winding being tested is exposed. 


Ө Plug the black test lead into the negative 
(earth) jack. 


Ө Plug the red test lead into the positive (line) 
jack. 


Ө Ensure that the batteries are in good condition. 
A megohmmeter does not contain batteries if 
the meter includes a hand crank or if the meter 
plugs into a standard 115 V receptacle. 


Q Connect the line test lead (red) to the conduc- 
tor being tested. 


€) Connect the earth test lead (black) to a second 
conductor in the circuit or to earth ground. 


Q Press the test button or turn the hand crank 
on the megohmmeter and read the resistance 
displayed (can take 10 sec to 20 sec). Change 
the megohmmeter resistance or voltage range 
if necessary. 


© Consult the equipment manufacturer or meg- 
ohmmeter manufacturer for the minimum rec- 
ommended resistance values. The insulation 
is in good condition when the megohmmeter 
reading is equal to or higher than the minimum 
values indicated by the manufacturer. 


(9 Remove the megohmmeter from the conductors. 
Ф Discharge circuit or conductors being tested. 
Ф Tum megohmmeter OFF. 


CALCULATING RESISTANCE USING 
OHM'S LAW 


Ohm’s law states that the resistance (А) in a circuit is 
equal to voltage (E) divided by current (/). To calculate 
resistance using Ohm's law, apply the formula: 
E 
[8 шы = 
l 
where 
R = resistance (in О) 
E = voltage (in V) 
l= current (in A) 


EXAMPLE: What is the resistance of wire insulation, 
when the wires have 1000 V at 20 mA of current applied? 


Troubleshooting Tip 


20 mA = 0.020 A 


mss. 
І 
_ 1000 
~ 0.020 
В = 50,000 О 
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MEGOHMMETER — MEASUREMENT PROCEDURES 
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[f CONNECT EARTH TEST LEAD 
TO SECOND CONDUCTOR 
OR EARTH GROUND 


ID ENSURE THAT ALL 
LY PLUG RED LEAD INTO SN b PONER IS OFF 


POSITIVE JACK 


ГЭ PRESS TEST BUTTON AND READ N 
RESISTANCE DISPLAYED ON METER v АА @)нҥмо\Е 
\ A MEGOHMMETER 
FROM CONDUCTORS 


ЕЙ ENSURE THAT METER ^ N NA 
BATTERIES ARE GOOD "A. Uu) DISCHARGE 


XT CIRCUIT OR 
uU TURN MEGOHMMETER OFF T WIRES 


©) CONSULT EQUIPMENT OR 
METER MANUFACTURER 


FU) SET FUNCTION SWITCH 
TO CORRECT VOLTAGE 


Figure 2-34. Megohmmeters send extremely high voltages (50 V to 5000 V) into wires or motor windings during testing. 


AMMETERS 


An ammeter is a test instrument that measures the amount of current in an electrical circuit. Current 
is the amount of electrons flowing through a conductor, component, or circuit. Current is measured in 
amperes. An ampere is the number of electrons passing a given point in 1 sec. Large amounts of current 
are measured in amperes (A). Small amounts of current are measured in milliamperes (mA) or micro- 
amperes (uA). Current flows through a closed circuit when a power source is connected to a load that 
uses electricity. 

Amperage measurements are used to determine the amount of circuit loading or the condition of an electri- 
cal component (load). Every load (light bulb, motor, heating element, speaker) that converts electrical energy 
into some other form of energy (light, rotating motion, heat, sound) uses current. The more electrical energy 
required, the higher the current usage. Every time a load is switched ON or a new load is added to a circuit, 
the power source must provide more current through the circuit for the new loads. See Figure 2-35. 

Current is typically measured using clamp-on ammeters or multimeters with clamp-on current probe ac- 
cessories. Small amounts of current (as in electronics) can be measured using a multimeter connected as an 
in-line ammeter. A clamp-on ammeter is a test instrument that measures current in a circuit by measuring the 
strength of the magnetic field around a single conductor. The jaws of clamp-on ammeters are placed around 
conductors to measure current. Clamp-on ammeters are available for measuring AC only, or for measuring 
both AC and DC. Most clamp-on ammeters also include features that allow for the measurement of AC volt- 


age, DC voltage, and resistance. 
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Figure 2-35. Amperage measurements are used to determine the amount of circuit loading or the condition of an electrical 
component {load}. 


When a clamp-on current probe accessory 
is used with a multimeter, the multimeter func- 
tions as a clamp-on ammeter. Clamp-on current 
probe accessories are available for multimeters 
that allow for the measurement of AC and DC 
current. A multimeter connected as an in-line 
ammeter measures small amounts of current 
in a circuit by inserting the test leads of the 
ammeter in series with the component(s) being 
tested. In-line ammeters require the circuit to be 
opened so the ammeter can be inserted into the 
circuit to acquire a reading. In-line ammeters 
are available for DC only, or AC and DC. See 
Figure 2-36. 


The advantage of clamp-on ammeters or 
multimeters with clamp-on current probe ac- 
cessories is that current measurements are 
taken without opening the circuit. Clamp-on 
ammeters and multimeters with current probes 
are commonly used to measure currents from 
1 A or less to 3000 A. The main advantage 
of using multimeters with clamp-on current 
probes instead of clamp-on ammeters 1s the 
features available on multimeters such as MIN 
MAX recording mode (MIN MAX), relative 
mode (REL), and a bar graph display. Various 
multimeter features are helpful when trouble- 
shooting circuits. 
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MEASURING CURRENT 
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Figure 2-36. Current is typically measured using clamp-on ammeters or multimeters with clamp-on current probe accessories 
or by in-line ammeters for small amounts of current. 


In-line ammeters are used to measure small amounts of current—normally less than 1 A. The maximum 
current that can be measured is determined by the function switch position and the placement of the test leads 
in the current jacks of the ammeter. A multimeter typically has two current jacks. One jack is used for measur- 
ing small currents (typically up to 300 mA or 400 mA). The other jack is used for measuring larger currents 
(typically up to 1 A). In-line current measurements must be limited to circuits that can be easily opened and 
circuits known to have currents less than | A. 

Typically, the first choice for measuring current in a circuit is a clamp-on ammeter or a multimeter with a clamp- 
on current probe accessory. When a clamp-on ammeter cannot be used, or an in-line measurement is required, steps 
must be taken to prevent possible injury to the electrician, and/or damage to the test instrument and equipment. 


Clamp-on Ammeters 

A clamp-on ammeter is a portable test instrument that measures current in a circuit by measuring the strength of the 
magnetic field around a single conductor. A clamp-on ammeter is typically used to measure current in a circuit with 
over 1 A of current and in applications in which current can be measured by easily placing the jaws of the ammeter 
around one of the conductors. Most clamp-on ammeters can also measure voltage and resistance. To measure volt- 
age and resistance, the clamp-on ammeter must include test leads and a voltage and resistance mode. In addition to 
basic measuring functions (current, voltage, and resistance), some ammeters also include special functions such as 
a hold button (HOLD) for maintaining a displayed measurement, a min/max button (MIN MAX) for recording the 
minimum and maximum measured values, and other special functions. See Figure 2-37. 


Test Instruments 


CLAMP-ON AMMETERS 


Clamp-on ammeters are typically used where voltages are 
less than 600 V with a frequency under 2 kHz. 


в 


— ALIGNMENT A 
MARKS Clamp-on Ammeter Applications 


Current is a common troubleshooting measure- 
ment, because only a current measurement can be 
used by an electrician to determine how much a 


TRIGGER TO circuit is loaded (or working). Current measure- 


OPEN JAWS ments vary because current can vary at different 


Ed oar points in parallel or series-parallel circuits. Cur- 


rent in series circuits is constant throughout the 
FUNCTION circuit. When loads are added to parallel circuits, 
SWITCH the supply voltage remains the same, but the cur- 
rent must increase with each load that is added. 
The largest amount of current in a parallel 
DEC. circuit is at a point closest to the power source; 
INRUSH BUTTON current decreases as the system distributes current 
MIN MAX BUTTON to each of the parallel loads. On an individual leg 
of a combination series-parallel circuit, the current 
going to a load (motor, heating element, or light 
bulb) is the same as the current on the return line 
from the load. A slight measured difference—up 
to 1096 —between lines (supply and return) is pos- 
sible when using a clamp-on ammeter because of 
the placement of the meter, or when low current 


ve measurements are taken on high ammeter ranges 
VOLTAGE OR : кн; 
COMMON JACK RESISTANCE JACK (measuring 2 A on a 400 A setting). Any variation 
REMOVABLE TEST LEADS that is excessive must be investigated because the 
current measurement may indicate that a partial 
Figure 2-37. Clamp-on ammeters measure current in a short exists on one of the lines and current is 
circuit by measuring the strength of the magnetic field around flowing to ground. 


a single conductor. 


Troubleshooting Tip 
CALCULATING CURRENT USING EXAMPLE: Whatis the currentthrough a wire, when the 
OHM'S LAW wire has 5750 Q of resistance and 115 V applied? 
CURRENT CLAMP 

Ohm’s law states that the current (/) in a circuit is equal ATTACHMENT 
to resistance (R) divided by voltage (E). To calculate 
current using Ohm's law, apply the formula: E 

(ae "E 

R 

where j= 068 

l= current (іп A) 5750 

Е = voltage (in V) 1= 0.020 A 


Н = resistance (іп О) 0.020 А = 20 mA 
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When measuring current along a circuit that feeds several loads, the current may not be the same on each 
line. When current measurements are taken at the main power panel or from an electric motor drive, the cur- 
rent on the hot and neutral conductors of a 115 V or 208 V single-phase circuit, and all three phases of a 30 
circuit, should basically be the same. See Figure 2-38. 


CLAMP-ON AMMETER — MEASURING L1, L2, AND L3 CURRENT 


Single-phase and DC circuit current readings should be the same on supply and return wires. 
Three-phase circuit current readings should be the same on each line (L1, L2, and L3). 
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Figure 2-38. A slight measured difference, of up to 10% between 16 lines (supply and return) and 30 lines (L1, L2, and 
L3) is possible when the conductor is not centered in the jaws of a clamp-on ammeter. 
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Clamp-on ammeters are used to measure the current (magnetic field) flowing 
through one isolated conductor. 


Clamp-on Ammeter Measurement 
Procedures 


Clamp-on ammeters measure current in a circuit by 
measuring the strength of the magnetic field around 
a single conductor. Electricians must ensure that 
clamp-on ammeters do not pick up stray magnetic 
fields by separating conductors being tested from 
other conductors as much as possible during testing. 
When stray magnetic fields may be affecting a mea- 
surement, several measurements at various locations 
along the same conductor must be taken. 

AC or DC current measurements performed with 
clamp-on ammeters or multimeters with clamp-on 
current probe accessories must be performed fol- 
lowing standard procedures. See Figure 2-39. 

Before taking any current measurements using a 
clamp-on ammeter, ensure the meter is designed to 
take measurements on the circuit being tested. Refer 
to the operating manual of the test instrument for all 
measuring precautions, limitations, and procedures. 
Always wear required personal protective equipment 
and follow all safety rules when taking the measure- 
ment. To take a current measurement with a clamp- 
on ammeter, apply the following procedures: 


© Determine if the current in the circuit to be 
measured is AC or DC. 


O Select a clamp-on ammeter required to mea- 
sure the circuit current (AC or DC). When 
both AC and DC measurements are required, 
select an ammeter that can measure both AC 
and DC current. 


Ө Ensure that the current range of the clamp- 
on ammeter is high enough to measure the 
maximum current that exists in the circuit 
being tested. When the clamp-on ammeter 
range is not high enough, select a range that 
is high enough, or select an ammeter with a 
higher range capability. 


Ө Set the clamp-on ammeter function switch to 
the highest current range (600 A, 200A, 10A or 
400 mA). Select a setting as high as or higher 
than the highest possible circuit current when 
there is more than one test position or if the 
circuit current is unknown. 


© When required, plug the clamp-on current 
probe accessory into the multimeter. The 
black test lead of the clamp-on current probe 
accessory is plugged into the common jack. 
The red test lead is plugged into the mA jack 
for current measurement accessories that 
produce a current output. The red test lead 
is plugged into the voltage (V) jack for cur- 
rent measurement accessories that produce 
a voltage output. The current measurement 
accessories that produce current output are 
designed to measure AC only and generally 
deliver 1 mA to the meter for every 1 A of 
measured current (1 mA/A). Current accesso- 
ries that produce a voltage output are designed 
to measure AC or DC current and deliver 1 mV 


to the meter for every | A of measured current 
(1 mV/A). 


Ө Open the clamp-on meter or probe accessory 
jaws by pressing against the trigger. 


Ө Enclose one conductor in the center of the jaws. 
Ensure that the jaws are completely closed 
before taking any current measurements. 


Q Read the current measurement displayed on 
the clamp-on ammeter or multimeter with 
clamp-on probe accessory. 


© Remove the clamp-on ammeter or clamp-on 
accessory from the circuit. 
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CLAMP-ON AMMETER MEASUREMENT PROCEDURES 
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Figure 2-39. When stray magnetic fields are possibly affecting a measurement, several measurements at different locations 
along the same conductor must be taken. 


In-Line Ammeters 
In-line ammeters provide the most accurate current measurements when measuring currents less than 1 A. 
In-line ammeters are the most accurate because the meter is connected in series with the load and every mil- 
liamp of current that flows through the load must flow through the meter. 

Some applications require that the in-line method of current measurement be used because in-line is the only 
way or best way to test a circuit or component. The in-line method of current measurement is typically used 
only for applications requiring very accurate current measurements and having less than 1 A of current. 
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WARNING 


/N 


In-line current measurements are the most dangerous 
measurement to take of any electrical measurement (voltage, 
resistance, clamp-on current measurements). Any in-line current 
measurement requires that extreme caution be used. 


In-Line Ammeter Applications 


Forklift electrical circuits draw large amounts of 
current because forklift circuits operate at low volt- 
ages (the lower the voltage, the higher the required 
current for any given power). For example, a 100 W 
safety strobe light designed for a 36 V system 
requires 2.77 A to deliver 100 W of power. 


where 
I = current (in amps) 
P z power (in watts) 
E = voltage (in volts) 


= 
Е 
11% 
36 
[=2.77 А 


However, when a forklift or automobile is 
turned OFF and all accessories (hydraulic valves, 
lights, radio) are OFF, the battery should have very 
little current fiow (a little current can be drawn by 
digital clocks, computers, and security systems). 
The small amount of current that is drawn should 
not drain a battery that is in good shape for several 
weeks. However, when a load is faulted (as when 
a hydraulic valve solenoid stays energized, a glove 
box lamp remains on, or water is in the safety 
light or tail-lamp holder) or insulation is damaged, 
the battery can be drained when the forklift or 
automobile is OFF in a couple of hours. To test 
the drain (current draw) on a battery, an in-line 
ammeter is used. See Figure 2-40. 


CAUTION № 


- ЕЗ /WN 
ZA 
Only fused in-line ammeters set to the highest current 


measuring range can be used. 


To test the current draw on a battery, the igni- 
tion switch is turned to the OFF position and all 
accessories are turned OFF, the positive battery 
post is disconnected from the battery, and an in- 
line ammeter is connected between the battery 
post and the disconnected terminal. 

In-line ammeters accurately measure the small 
amount of current drawn from batteries. To iso- 
late a problem or test each circuit, the fuses of 
the forklift or automobile can be removed one 
at a time. 


In-Line Ammeter Measurement 
Procedures 


Care is required to protect the in-line ammeter, 
circuit, and electrician when measuring AC or 
DC current with an in-line ammeter. Standard 
safety precautions must be followed when using 
an in-line ammeter. The following are the standard 
procedures for taking an AC current measurement 
with an in-line ammeter: 


© Test the ammeter fuses following manufacturer 
recommended procedures. 


Ө Verify that the expected circuit current mea- 
surement is less than the current rating (set- 
ting) of the in-line ammeter. Start with the 
highest current-measuring range of the in-line 
ammeter when the circuit current is unknown. 
When the circuit current can exceed the rating 
of the in-line ammeter, use a clamp-on amme- 
ter, or do not take the current measurement. 


© Set the function switch of the in-line ammeter 
to the proper setting for measuring AC current 
and set the function or selector switch to the 
proper current rating because most ammeters 
include more than one current setting (A, mA, 
and uA). 


o Verify that the test leads ofthe in-line ammeter 
are connected to the proper jacks for measuring 
the correct amount of AC current. Most am- 
meters include more than one current jack. 
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Figure 2-40. To test the drain an electrical system has on a battery, an in-line ammeter is used. 


WARNING | L 


Ct © Tum the power ON to the circuit being tested. 
Always ensure that the function switch position matches the jack 


connections of the test leads. In-line ammeters are damaged © Read the AC current measurement dis- 
when the test leads are connected to measure current and played. 

the function switch is set for a different measurement such D Turn the power OFF to the circuit and in-line 
as voltage or resistance. Some meters have an input warning 
function that provides a constant audible warning (beep) NP 
when the test leads are connected in the current jacks and a the circuit. 
noncurrent mode is selected by the function switch. 


ammeter and remove the in-line ammeter from 


© Verify that the power to the circuit being tested 
is OFF before connecting and disconnecting | | | 
the in-line ammeter test leads. When neces- Many test instruments include a fuse in the 


sary, take voltage measurement to ensure that current-measuring circuit to prevent damage 
the circuit is de-energized. caused by excessive current. Before using an in- 


line ammeter, verify that the meter is fused on the 
current range being used. Most in-line ammeters 
are marked as fused or not fused at the test lead 
current terminals. When an in-line ammeter is not 


© Do not change the function switch position 
on an in-line ammeter while the meter is con- 
nected to an energized circuit. 


© Turn powerto the test circuit and in-line ammeter marked as fused, consider the meter unusable for 
OFF before changing any ammeter settings. measuring current. Use a clamp-on ammeter or 
© Connect the in-line ammeter in series with use a clamp-on current probe accessory instead 
the load(s) to be measured. Never connect an of an unfused meter. DC current is measured with 
ammeter in parallel (as with a voltmeter) with an in-line ammeter using standard procedures. 


the load(s) to be measured. See Figure 2-41. 
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Figure 2-41. AC or DC current can be measured with an in-line ammeter using standard procedures. 


WARNING | — 1) 
/ * 
nsure that no body parts contact any part of an energized $ In-line ammeters not marked as fused, must be considered 


circuit, including metal contact points at the tip of the in-line unusable for measuring current. 
ammeter test leads. 


WARNING | 


Before taking any DC current measurements using an in-line ammeter, ensure the meter is designed to take 
measurements on the circuit being tested. Refer to the operating manual of the test instrument for all measur- 
ing precautions, limitations, and procedures. Always wear required personal protective equipment and follow 
all safety rules when taking the measurement. To take a DC current measurement with an in-line ammeter, 
apply the following procedures: 


© Set the function switch of the in-line ammeter to the proper position for measuring DC current (A, mA, or 
НА). Select a setting with a high enough rating to measure the highest possible circuit current when the 
ammeter has more than one position. 


O Plug the black test lead into the common jack. 
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e Plug the red test lead into the current jack. The current jack may be marked A or mA/pA. 


Ө Turn the power OFF to the circuit or component being tested and discharge all capacitors when possible. 


(5) Open the circuit at the test point and connect the test leads to each side of the opening. For DC current, the 
black (negative) test lead is connected to the negative side of the opening and the red (positive) test lead 
1s connected to the positive side of the opening. Reverse the black and red test leads when a negative sign 


appears to the left of the measurement displayed. 


Read the current measurement displayed. 


ooo 


Current Measurement Analysis 


Knowing the measured current value of a system, 
circuit, Or component is very useful when trouble- 
shooting. Current measurements of a motor can 
be compared with the motor nameplate current 
rating, allowing an electrician to determine if the 
motor is operating correctly. 

For example, an electric motor in a car wash sys- 
tem is working at maximum capacity (fully loaded), 
and the motor draws the rated nameplate current 
(8 A in this example). The motor is overloaded when 
it draws more than the rated nameplate current, and 
the motor is underloaded when it draws less than 
the rated nameplate current. See Figure 2-42. 

The size of a motor may be increased or the 
load on the motor decreased when overloading 
is a problem. Current measurements taken on a 
power distribution system are used to indicate 
total system loading. 

Typically, higher than rated currents indicate a 
problem. Higher than normal current in a circuit 
produces higher temperatures that cause the insu- 
lation on conductors and motors to break down, 
leading to component failure. 

Excessive temperatures are a major cause of 
failure for transistors, integrated circuits (chips), 
and other solid-state electronic components. For 
maximum efficiency, always take current mea- 
surements when equipment is first installed and 
during normal operation. Measurements taken 
when a circuit is operating properly are used to 
provide a baseline comparison when troubleshoot- 
ing a problem with the circuit in the future. 


Turn the power ON to the circuit being tested and the in-line ammeter. 


Turn the circuit power and the in-line ammeter OFF and remove the ammeter from the circuit. 


Ideal Industries, Inc. 
Some clamp-on ammeters are capable of determining power by measuring 
current and voltage simultaneously. 


Current Unbalance 


Current unbalance (imbalance) is the unbalance 
that occurs when current on each of the three 
power lines of a three-phase power supply to a 3ф 
motor or to other 3ф loads is not equal. The prob- 
lem with small voltage unbalances is that small 
voltage unbalances cause high current unbalances. 
High current unbalances cause excessive heat, 
resulting in insulation breakdown. Typically, volt- 
age unbalances cause current unbalances at a rate 
of about 8:1. For example, a 2% voltage unbalance 
creates a 16% current unbalance. 
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Figure 2-42. Current measurements are used to verify motor operation in a system during troubleshooting. 


Current unbalances should never exceed 10%. 
Any time a current unbalance exceeds 10%, 
electricians must test for voltage unbalance. 
Likewise, any time there is a voltage unbalance 
of more than 1%, electricians must test for cur- 
rent unbalance. Current unbalance is found the 
same way as voltage unbalance is found, except 
current measurements are taken. See Figure 2-43. 
Current unbalance is found by applying the fol- 
lowing procedure: 


Ө Measure the current on each incoming power 
line (L1, L2, and L3) entering the circuit 
disconnect. 


Ө Add the currents. 


© Find the current average by dividing the sum 
by 3. 
Q Find the current deviation by subtracting the 


current average from the current with the 
largest deviation. 


© To find current unbalance, apply the following 
formula: 


1 
I = 4 х100 
1 


и 
а 


where 
1 = current unbalance (in %) 
I ,— current deviation (in V) 
I = current average (in V) 
100 = constant 


MULTIMETERS 


A multimeter is a portable test instrument that is 
capable of measuring two or more electrical prop- 
erties. Multimeters are either analog or digital. 
An analog multimeter is a portable test instru- 
ment that uses electromechanical components 
to display measured values. A digital multimeter 
is a portable test instrument that uses electrical 
components to display measured values. See 
Figure 2-44. 
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Figure 2-43. Small voltage unbalances cause high current 
unbalances. Typically, voltage unbalances cause current 
unbalances at a rate of about 8:1. 
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Figure 2-44. Multimeters are portable test instruments that are capable of measuring two or more electrical properties. 
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Analog Multimeters 


An analog multimeter is a meter that can measure two or more electrical properties and displays the measured 
properties along calibrated scales using a needle. Most analog multimeters have several calibrated scales which 
correspond to the different selector switch settings (AC, DC, and R) and jack usage (mA jack and 10 A jack). 
An important part of reading an analog multimeter is verifying that the correct scale is used when reading the 
measurement. The most common measurements made with analog multimeters are voltage, resistance, and 
current. Many analog multimeters also include scales and ranges for measuring decibels (dB) and checking 
batteries. The decibel scale is a scale that indicates the comparison (ratio) between two or more signal pow- 
ers or voltages. The battery tester function allows for displaying the charged condition (25%, 50%, 75%, or 
100%) of a battery being tested. 


Reading Analog Multimeter Displays 


An analog display is an electromechanical device that indicates readings by the mechanical motion of a 
pointer. Analog displays use linear and nonlinear scales to display measured values. A linear scale is a scale 
that is divided into equally spaced segments. A nonlinear scale is a scale that is divided into unequally spaced 
segments. A mirror on the analog display helps to reduce measurement errors from parallax (distorted view 
of pointer caused by angle other than head-on view). See Figure 2-45. 

Analog scales are divided using primary divisions, secondary divisions, and subdivisions. A primary divi- 
sion 1s a division with a listed value. A secondary division is a division that divides primary divisions into 
halves, thirds, fourths, fifths, etc. A subdivision is a division that divides secondary divisions into halves, thirds, 
fourths, fifths, etc. Secondary divisions and subdivisions do not have listed numerical values. When reading 
an analog scale, add the primary, secondary, and subdivision readings. See Figure 2-46. 
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Figure 2-45. Analog displays display measured values by using the mechanical motion of a pointer on a scale. 
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Figure 2-46. Analog scales are divided into primary divisions, secondary divisions, and subdivisions that must be added 
together to acquire a reading. 


Reading Analog Display Procedures 


To read an analog display, apply the following 
procedures: 


Q Read the primary divisions. 


Ө Read the secondary divisions when the pointer 
moves past a secondary division. Note: May 
not occur with very low readings. 


© Read the subdivisions when the pointer is not 
directly on a primary or secondary division. 
Round the reading to the nearest subdivision 
when the pointer is not directly on a subdivi- 
sion. Round the reading to the next highest 
subdivision when rounding to the nearest 
subdivision is unclear. 


Ө Add the primary division, secondary division, 


Digital Multimeters 


A digital multimeter is a meter that can mea- 
sure two or more electrical properties and 
displays the measured properties as numerical 
values. Basic digital multimeters measure volt- 
age, current, and resistance. Advanced digital 
multimeters include special functions such as 
measuring capacitance and temperature. The 
main advantage of a digital multimeter over an 
analog multimeter is the ability of a digital meter 
to record measurements in addition to making 
it easier to read the displayed values. 


| Technical Tip | Tip , 


To avoid parallax errors, view the pointer head on, or use а 
display that includes a mirror that allows viewing the mea- 
surement from an angle to the pointer. 


and subdivision readings to obtain the analog 
reading. 
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Reading Digital Displays 
A digital display is an electronic device that displays measurements as numerical values. Digital displays help 
eliminate human error when taking measurements by displaying exact values measured. Errors occur when 
reading a digital display when displayed prefixes, symbols, and decimal points are not properly applied. 
Digital displays display values using either light-emitting diodes (LEDs) or liquid crystal displays (LCDs). 
LED displays are easier to read but use more power than LCD displays. Most portable digital test instruments 
use LCD displays. The exact value on digital displays is determined from the numbers displayed and the po- 
sition of the decimal point. Selector switches (range switches) determine the placement of the decimal point 
on a digital display. 
Typical voltage ranges on a digital display are 3 V, 30 V, and 300 V; or simply V and mV. The highest possible 
reading with the range switch set on 3 V is 2.99 V. The highest possible reading with the range switch set on 
30 V is 29.99 V. The highest possible reading with the range switch set on 1 V is 0.999 V. See Figure 2-47. 
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Figure 2-47. The exact value on digital displays is determined from the numbers displayed and the position of the decimal 
point set by the selector switch of the meter. 


Bar Graphs 

Most digital displays include a bar graph to show changes and trends in a circuit. A bar graph is a graph 
composed of segments that function as an analog pointer. The displayed bar graph segments increase as the 
measured value increases and decrease as the measured value decreases. Reverse the polarity of the test leads 
when a negative sign is displayed at the beginning of the bar graph. See Figure 2-48. 
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Figure 2-48. Bar graphs function as an analog pointer by displaying segments that increase as the measured value increases 
and decrease as the measured value decreases. 


Wrap-Around Bar Graphs 


A wrap-around bar graph is a bar graph that displays a fraction of the full range on the graph at one time. The 
pointer wraps around and starts over when the limit of the bar graph is reached. See Figure 2-49. 

A bar graph reading is typically updated 30 times per second. A digital display is updated four times per 
second. A bar graph is used when quick-changing signals cause a digital display to flash or when there is a 
change in the circuit that is too rapid for the digital display to detect. 

For example, mechanical relay contacts may bounce open when exposed to vibration. Contact bounce 
causes intermittent problems in electrical equipment. Frequency and severity of contact bounce increase as 
a relay ages. A bar graph is updated at sufficient speed to detect that the relay contacts are bouncing but the 
numerical display is not. 


Digital Multimeter Advanced Features 


A digital multimeter (DMM) is useful when troubleshooting basic voltage, current, and resistance problems. 
Common troubleshooting problems include testing for power loss because of blown fuses, excessive current 
levels from overloaded circuits, and improper resistance from damaged insulation or components. However, 
when troubleshooting complex problems, a DMM with advanced features such as RANGE, HOLD, MIN 
MAX, and REC mode must be used. DMM advanced features are helpful when troubleshooting problems 
such as improper frequencies, overheated circuit neutral wires, and intermittent problems. Advanced features 
vary by manufacturer and the specific DMM model. 
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Figure 2-49. Wrap-around bar graphs display a fraction of the full range on the graph at one time and wrap around and 
start over when the limit of the bar graph is reached. 


Digital Multimeter Range Mode 
A DMM has the best self-protection when left in 


DMM Measurement Hold Mode 
Measurement hold mode (HOLD) is a DMM mode 


the autorange mode when taking most measure- 
ments. Using the manual range mode (RANGE) 
requires that extra caution be used by an electri- 
cian as a DMM in the manual range mode does 
not automatically correct for values outside the 
set range. For example, when a DMM is set to 
the 3.000 V range, any value exceeding 3.000 V 
is displayed as OL. The OL reading prevents the 
display of any measurement over 3.000 V and 
may lead to confusion regarding the circuit be- 
ing tested. 

DMMs are sometimes changed from autorange 
mode to manual range mode when the value to be 
measured is known. For example, DMMs used to 


that captures the measurement, beeps, and locks 
the meter measurement on the display for later 
viewing. Measurement hold mode automatically 
updates with each new measurement and allows 
the electrician to concentrate on test probe place- 
ment to reduce the risk of accidental circuit dam- 
age or electrical shock. Measurement hold mode 
is typically used when taking voltage, current, 
and resistance measurements. The HOLD button 
is pressed to select the measurement hold mode 
and is pressed again to exit. See Figure 2-50. 


| Technical Тір | Tip 


Multimeters require general maintenance. Periodically wipe 
the case of the meter with a damp cloth and mild detergent. 
Do not use abrasives or cleaners (solvents). Dirt or moisture 
in the jacks can affect measurements taken and can falsely 
activate meter alarms. To clean the jacks do the following: 


measure voltages on standard 115 VAC residential 
wall receptacles are set to the 300.0 VAC range to 
greatly reduce or eliminate ghost voltages. When 
left in the autorange mode, DMMs typically de- 
fault to the 300.0 mV range during power-up. The 
lower voltage range makes DMMs much more 
sensitive during voltage measurements and may 
result in ghost voltages. 


1. Turn meter OFF and remove test leads. 
2. Shake out any dirt that may be in the jacks. 


3. Soak a swab in alcohol. Move the swab around each jack. 
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Figure 2-50. Measurement hold mode captures the mea- 
surement, beeps, and locks the meter measurement on the 
display for later viewing. 


t Never use the hold mode to determine if a circuit is 
energized. 


DMM MIN MAX Recording Mode 


The MIN MAX recording mode is a DMM mode 
that captures and stores the lowest and highest 
measurements for later display. The MIN MAX 
recording mode is used with DMMs when taking 
voltage, current, and resistance measurements. 
The MIN MAX recording mode is also used with 
DMM accessories to record temperature, pressure, 
and vacuum measurements. When troubleshoot- 
ing, the MIN MAX recording mode is especially 
useful for immediately recording the effect of 
any adjustments. 

Minimum or maximum measured values are 
indicated by pressing the MIN MAX button after 
a DMM is connected to a circuit. The abbrevia- 
tion MIN or MAX is displayed with the value to 
identify the measured value. Most DMMs sound 
(beep) each time a new minimum or maximum 
value 1s recorded. A continuous beep indicates 
that a DMM is overloaded. 


DMM MIN MAX Recording Mode 
Applications 


Voltage measurements using the MIN MAX re- 
cording mode are üseful in identifying low-voltage 
conditions caused by large motors starting up, by 
temporary voltage losses, or by circuit overloading 
or high-voltage surges. Transformers have a fixed 
power rating (VA or kVA rating) that is listed on the 
nameplate of the transformer. When the total load 
connected to a transformer is within the rating of the 
transformer, the transformer delivers the correct sec- 
ondary voltage. For example, most industrial control 
circuits are powered by a transformer that provides 
the proper voltage (24 V 1s common) to the control 
circuit. However, when the total load connected to 
the transformer exceeds the rating of the transformer, 
the voltage output of the transformer decreases. The 
greater the load, the greater the voltage decrease. A 
low-voltage condition causes circuit problems such 
as relays and motor starters dropping out (acting 
as if de-energized). See Figure 2-51. Low-voltage 
conditions are a difficult problem to detect because 
voltage measurements are often taken when all or 
almost all loads in a circuit are OFF. 

Because the voltage output of a transformer ap- 
pears to be within specifications, the cause of the 
problem is often overlooked. A DMM set to moni- 
tor voltage with the MIN MAX recording mode on 
all loads during typical system operating condi- 
tions can detect a low-voltage condition caused 
by circuit overloading. A low-voltage condition is 
corrected by reducing the load on the transformer 
or increasing the size of the transformer. 

Current measurements with the MIN MAX 
recording mode are useful in determining when 
circuits are overloaded or if there is capacity for 
additional loads to be added to the circuit. When 
all loads in a circuit are OFF, there is no current 
draw. When there is current draw with all loads 
OFF, typically there is a leakage current problem. 
Leakage current problems are caused by a partial 
short in the system from problems such as insula- 
tion breakdown. With all loads ON, the total cur- 
rent draw must be within the specifications for the 
system. When the measured current is less than the 
maximum current capacity of the circuit, the circuit 
has room for additional loads. See Figure 2-52. 
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Figure 2-52. Current measurements with the MIN MAX recording mode are useful in determining if circuits are overloaded 
or if there is capacity for additional loads to be added to the circuit. 
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Resistance measurements with the MIN MAX recording mode are useful in isolating problems from loose 
connections, corrosion, or shorts. With all power OFF, the DMM test leads are connected across a connection, 
splice, load, or circuit. The resistance of the connection or circuit being tested is displayed. When a DMM is 
set to measure resistance using the MIN MAX recording mode, the measurement should not change. When a 
new high-resistance maximum (MAX) measurement is recorded, there is probably a loose connection (open) in 
the circuit. For a connection with a fixed-resistance value (0.05 Q), a new high-resistance maximum (150.0 Q) 
measurement indicates there is probably a bad connection. A DMM can be left in MIN MAX recording mode 
for long-term measurements. A DMM records measurements as long as the batteries are in good condition 
(typically 1000 hr). See Figure 2-53. 
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Figure 2-53. Resistance measurements with the MIN MAX recording mode are useful in isolating problems from loose 
connections, corrosion, or shorts. 


Relative Mode To use the relative mode, a DMM is connected 
Relative mode (REL) is a DMM mode that re- to the circuit being tested. The REL button is 
cords a measurement and displays the difference pressed and the DMM displays a zero reading. 
between that reading and subsequent measure- The measured value at the time the REL button is 
ments. The relative mode is typically used to show pressed is stored as a reference value. In relative 
measurements above or below a specific value, or mode, any measurement value displayed on the 
to zero out the baseline reading to eliminate the DMM is the difference between the measured test 


resistance detected in the test leads of the meter. value and the stored reference value. 
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Relative mode is used with voltage, current, and resistance measurements. For example, the relative mode 
is used when testing a forklift electrical system for the amount of current drawn by a load or circuit. A DMM 
set to measure DC current using a DC clamp-on current probe accessory can measure total system current at 
the battery or any individual circuit current at the fuse box. See Figure 2-54. 


Relative mode can also be used to zero out any current that is constantly drawn by an electrical system 
during normal operation. For example, the memory circuits in computers, digital clocks, and cellular tele- 
phones constantly draw a small amount of operating current. Pressing the REL button zeros out the DMM 
by subtracting the memory circuit current from the measurement being displayed. As an individual load is 


turned ON, current measurements are displayed for that load only. The relative mode allows for greater DMM 
accuracy when taking measurements. 
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Figure 2-54. Relative mode records a measurement and displays the difference between that reading and subsequent 
measurements taken by a meter. 


Diode Test Mode 


Diode test mode is a DMM mode used to test the condition of a diode. A diode 1s an electronic device that 
allows current to flow in one direction only. Diodes are commonly used in electrical and electronic circuits to 
control current flow. A DMM in diode test mode produces a small voltage between the test leads that is used 
to measure the voltage drop across a diode. Values are compared with specifications acquired from the manu- 
facturer for proper diode operation. Typically, a diode will measure 0.2 V to 0.8 V when the test meter leads 
are connected in the forward-bias direction and OL (overload) when the test meter leads are reversed and the 
diode is reversed biased. A shorted diode will measure 0.2 V to 0.8 V in both directions. An open diode will 
measure OL in both directions. See Figure 2-55. 
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Figure 2-55. A DMM in diode test mode produces a small voltage between the test leads that is used to measure the volt 


age drop across a diode. 
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CAPACITANCE MEASUREMENT MODE 

Capacitance Measurement Mode FOR VERIFYING CAPACITOR OPERATION 
Capacitance measurement mode is a DMM mode 
used to measure capacitance or test the condition 
of a capacitor. A capacitor is a device used to 
store an electrical charge. When in capacitance 
measurement mode, a DMM charges the capaci- 
tor with a known current, measures the resultant 
voltage, and calculates the capacitance. Values 
are compared with specifications acquired from 
the manufacturer for proper capacitor operation. 
Capacitance measurement mode is commonly 
used to test the condition of capacitors used on 
capacitor-start motors. See Figure 2-56. 


Selecting a Test Instrument or Meter 


Portable and permanent test instruments are avail- 
able in a wide range of styles and prices. Cost is 
dependent on specifications (measuring range 


or accuracy), added features (such as carrying CAPACITOR-START 


case, stand, or clamp-on current probe), built-in MOTOR $^ 

safety features and ratings (such as silicon test : X er f^ 
leads and CAT rating), warranties, intended usage i 
(contractor grade or industrial), and other features 
(such as size of display and sleep mode to extend Figure 2-56. Capacitance measurement mode is commonly 


battery life). used to test the condition of capacitors used on capacitor- 
start motors. 
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Test Instruments 


oice-Data- 
est Instrun 


Voice, data, and video test instruments are used in situations where electrical 
properties and light properties are to be measured. These types of instru- 


ments include cable length meters, wire map testers, coaxial cable testers, 
tone generator and amplifier probe testers, telephone line testers, cable fault 
analyzers, fiber optic cable DMM attachments, fiber optic microscopes, fiber 
optic visual fault locators, and satellite finder meters. . | 


VOICE-DATA-VIDEO 
COMMUNICATION 


People have always communicated by one means 
or another. Voice-data-video communication has 
evolved over the years. In the past, voice com- 
munication was as simple as people conversing 
or giving speeches, data communication was as 
simple as recording quantities and measurements, 
and video communication involved the use of 
photographs and visual aids. 

Modern requirements for voice-data-video 
(VDV) communication still include the most basic 
forms of communication but also include the need 
to communicate over great distances as accurately 
and quickly as possible. The four biggest needs in 
modern communication are the following: 

* To move large amounts of data at one time. 
Entire volumes that once took years to manu- 
ally copy may now be electronically copied, 
electronically moved over great distances, 


* To move large amounts of data at faster 
speeds. Where a second was once considered 
a very short time period for almost any type 
of transaction, modern operating speeds are 
milliseconds (ms), microseconds (ps), and 
nanoseconds (ns). VDV transmission speed 
has moved from kilohertz (kHz), to megahertz 
(MHz), to gigahertz (GHz). 

* To maintain proper system operation, prevent 
communication and storage mistakes, and 
prevent file corruption. 

* To be able to move VDV communication to 
points along the network using methods other 
than copper wires. VDV communication using 
means other than copper wires has allowed the 
growth in the use of fiber optic cable and wire- 
less communication. See Figure 3-1. 


Technical Tip 


and electronically reproduced in print or While a DVD disc is the same diameter as a compact disc (CD), 
video. a DVD disc has smaller physical pits beneath the disc surface, 
allowing it to store more information than an ordinary CD. 
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VOICE-DATA-VIDEO (VDV) NETWORK SYSTEMS 
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Figure 3-1. VDV communication networks utilize copper and fiber optic cables, and wireless connectivity throughout the entire 
System. 


| Technical Tip | Tip 


The ability to move large amounts of infor- The maximum distance of a cable run from a telecommuni- 
mation at high speeds, without mistakes or file cations closet to a work area is 295 ft (90 m). 


corruption, continues to be provided by advances 
in technology. For example, using fiber optics to 
transmit VDV signals allows for much faster op- VDV Testing 
erating speeds than copper wire signal transmis- 
sion. Wireless transmission of VDV signals allows 
VDV communication from almost any location. 
Proper communication is ensured by testing newly 
installed cables and lines using VDV test instru- 
ments. After the cables and lines are operational, 
VDV test instruments are used to locate potential 
problems before the potential problems cause data 
or communication losses. 


Electrical circuits are tested to ensure that the 
circuits will work properly when placed in full 
operation. However, not all electrical circuits are 
tested 10096 before being placed in operation. 
Some circuits, such as 120 VAC branch circuits, 
are spot tested, or tested only when a problem ex- 
ists. All VDV circuits must be tested and certified 
as meeting minimum industry standards prior to 
being placed in service. 


Knowing which test to perform, and under- 
standing the test results, is an important part of 
installing and maintaining all VDV systems. All 
problems must be identified and corrected before 
there is an interruption in service. Testing includes 
utilizing test instruments to perform basic tests as 
well as advanced tests that are required to meet 
industry specifications. 

VDV circuit testing starts with the same tests 
that have been performed on copper phone lines 
since the beginning of voice communication. 
Typical tests include ensuring that the lines do not 
include any basic problems such as open circuits, 
short circuits, incorrect wiring, and insulation or 
water damage. In addition to basic tests, advanced 
tests are required on lines that are going to be used 
to transmit and receive VDV signals. 

Advanced tests are required because prob- 
lems that may not be a factor with voice trans- 
mission can cause major problems during data 
transmission. For example, crosstalk on phone 
lines is when a line hears part of another phone 
conversation. Crosstalk is any unwanted recep- 
tion of signals induced on a communication 
line from another communication line or from 
an outside source. Crosstalk causes problems 
in data lines. Crosstalk problems are amplified 
as the frequency is increased. As data moves 
at faster speeds, crosstalk problems will only 
increase. Data that once was transmitted at kilo- 
hertz operating speeds now moves at megahertz 
and gigahertz speeds. 


e I cyclein 1 sec d Hz (hertz) 

e 60 cycles in ] sec = 60 Hz 

e 1000 cycles in 1 sec = 1 kHz 

* 1,000,000 (one million) cycles in 1 sec = 
1 MHz 

• 1,000,000,000 (one billion) cycles in 1 sec = 
1 GHz 


Most VDV tests are based on a pass or fail 
indication. However, when a cable system fails a 
test, there is a reason. Understanding the test and 
test results is important so corrective action can 
be taken to fix the problem. Problems that occur 
only for a short time duration or intermittently 
require special test instruments that can detect 
and record intermittent signal problems. 
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VDV Terminology 


All technical fields, including the electrical 
and electronic fields, use acronyms and ab- 
breviations. The VDV communication field is 
a technical area within the electrical and elec- 
tronic fields that uses terminology with many 
acronyms and abbreviations to shorten a word 
or phrase. An acronym is a word formed from 
the first letters of a compound term (voice, data, 
video = VDV). An abbreviation is a letter or 
combination of letters that represent a word 
(hertz = Hz). 

Understanding VDV acronyms and abbre- 
viations is important when working within the 
VDV field. Understanding VDV acronyms and 
abbreviations is also important when using test 
instruments because VDV test instruments use 
acronyms and abbreviations to indicate the tests 
performed and the information displayed. See 
Figure 3-2. 


Test-Um, Inc. 


Even simple voice networks require a variety of test instruments to verify, 
install, troubleshoot, and repair telephone cables. 


Test Instruments 


VDV TEST INSTRUMENT ACRONYMS 


AC alternating current FEXT far end crosstalk NEXT near end crosstalk 
ACR attenuation to crosstalk ratio ft feet NFPA National Fire Protection 
A/D analog to digital FM frequency modulation 7 Association 
ADSL asymmetric DSL FTP foiled twisted pair NIC network interface card 
AF audio frequency Gb/s gigabits per second NM non-metallic | 
АМ amplitude modulation GRD ground NOC network operations center 
ANSI American National Standards НС horizontal cross-connect NOS network operating system 
Institute HF high frequency OC optical carrier 
AWG American Wire Gauge Hub a networking device that OSI open system interconnection 
BER bit error rate allows attached devices to PBX private branch exchange 
BICSI Building Industry Consulting receive information/data POS positive 
Services International HVAC heating, ventilation, air POTS plain old telephone service 
BNC Bayonet Neill-Concelman conditioning PSACR power sum attenuation to 
b/s bits per second Hz hertz crosstalk ratio 
CAN campus area network IC intermediate cross-connect _ PSELFEXT power sum equal level far 
САТУ community access television IEEE Institute of Electrical & end crosstalk 
CBC coupled bonding conductor Electronic Engineer 5 PSTN public switched telephone 
CCTV closed circuit television ISDN шс a service digital ma ш 
CM communication cable : ee EUIS Eu 
CMR communication riser cable EE оарои ETE a mr ш 
central office à А : 
CPE customer premises equipment ae ae xr M E € Е Ш pair 
CSA Canadian Standards Association Ky, kilometer р management 
oy a күл. KTS key telephone system SNR signal to noise ratio 
E "n \ analat LAN local area network SONET synchronous optical network 
e | EIE т metr | STP shielded twisted pair 
MEUM А MAN metropolitan area network ТС telecommunications closet 
d Re а MAX maximum TDR time domain reflectometer 
рс ME Pp ML Mbps megabits per second TGB telecommunications grounding 
DS digital signal m. MC main cross-connect bar " i 
SE digital subscriber line MDF main distribution frame TO telecommunications outlet 
DTMF dual tone multiple frequency MHz megahertz TP койо тир 
EE entrance facility MIN minimum UDC universal data connector 
ELFEXT equal level far end E osstalk MP multipurpose cable UL Underwriters Laboratories 
с зш ашы MPP multipurpose plenum cable ОТР unshielded twisted pair 
г л ишш MPR multipurpose riser cable VDSL very-high bit rate DSL 
EMT electrical metal tubing MUX multiplex VDV voice dni qe 
E pM roo NEC National Electrical Code WA work area 
E к NEG negative WAN wide area network 
FDDI fiber dis a ЗОИР. NEMA National Electrical X-Box cross-connection box 
Manufacturers Association 7, impedance 


Figure 3-2. Knowledge of VDV acronyms is required when working with test instruments. 


For example, a data communication tester may be * Tests STP cables 

listed as having the following capabilities: * Tests LAN cables 

* Certified up to CAT 7—ISO E limits to 600 MHz * TDR capability for Cu and fiber measurements 
* Tests UTP cables * Measures signal loss greater than 0.3 dB 

* Tests ScTP cables * Includes DSL filtering 
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VDV CONDUCTORS AND CABLE 


Voice, data, and video signals must be transmitted from a transmitter to a receiver. In between a transmitter 
and receiver the signals may be amplified, filtered, stored, redistributed, and/or changed from one form to 
another (analog to digital, digital to analog) as required. 

Voice is transmitted from the transmitter of one phone to the receiver of another phone. Voice or music is 
transmitted from a source (radio station, CD, or DVD) to a receiver that converts and amplifies the signal back 
into an audible signal that is heard through speakers. Likewise, video signals are transmitted from cameras to 
receivers that convert and amplify the signal back into a visual signal that is seen on a CRT or LCD screen. 
Data is transmitted from computers, bar code readers, and transducers (pressure and temperature) to be received 
by other computers, recording devices, and other types of displays. 

VDV signals are transmitted using any combination of hard wiring (cable), fiber optic cables, or wireless 
(laser and satellite) devices. Hard-wired circuits have been the standard method of transmitting and receiv- 
ing VDV signals. Hard-wired circuits use copper wire or fiber optics to send and receive signals between 
various locations. Wireless transmission allows signals to be transmitted and received without hard wiring 
between locations. 


VDV Conductors 


Electrical circuits and components are connected 
using conductors. A conductor is a low resistance 
metal that carries electricity to various parts of a 
circuit. Conductors include wire, cable, and cord. 
See Figure 3-3. 

Conductors are available as individual wires 
or in groups, such as cable and cord. A wire is 
an individual conductor. A cable is two or more 
conductors grouped together within a common 
protective cover and used to connect individual 
components. A cord is two or more very flexible 
conductors grouped together and used to deliver 
power to a load by means of a plug. 

Most individual conductors are enclosed in an 
insulated cover to protect the conductor, increase 
safety, and meet code requirements. Some individual 
conductors, such as a ground wire, may be bare. In 


Extech Iustrumeuts Corporation 
VDV test instruments ensure coaxial video conductors and other types of 
cables have no physical damage and will work correctly when installed. 


Communication Cable 


coaxial cable, an outer braided conductor is wrapped 
around an insulated inner conductor. The braided 
conductor is used to shield the inner conductor from 
outside electromagnetic interference (noise). 


Cable is used to deliver electrical power or signals 
from one location to another location within an 
electrical system. Power cables are used to deliver 
high voltage and current throughout an electrical 


system. Power cables commonly deliver 90 VDC, 
115 VAC, 180 VDC, 230 VAC, or 460 VAC to 
residential, commercial, and industrial loads. 
However, power cables also deliver high currents 
at lower voltage loads as in automobile, marine, 
or aviation applications. 


Technical Tip —— 


Refer to ANSI/TIA/EIA 569-A, Commercial Building Stan- 
dard for Telecommunications Pathways and Spaces, prior 
to performing commercial VDV installation projects. 
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6 CONDUCTOR CAT 5e PATCH CORD CABLES 
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Figure 3-3. Conductors include wire, communication cable, and electrical cord. 


Cables are also used to deliver communication 
signals within a VDV system. Communication 
cable is cable (typically copper or fiber optic) 
used to transmit data from one location or device 
within a system to another location. Communi- 
cation cable is also commonly referred to as low 
voltage cable. Typical AWG #22, AWG #24, and 
AWG #26 wire (solid or stranded) is used, but 
the CAT (category) rating of the cable is more 
important than the wire size. The following types 
of communication cable are used to interconnect 
various systems: 

* Audio or voice cable is used to interconnect 
telephones, speaker systems, intercoms, and 
digital surround sound systems. Voice wiring 
typically uses a four-pair, 100 О UTP (unshielded 
twisted pair) cable. A CAT 3 or CAT 5e rated 
cable must be used for audio or voice commu- 
nication. 

* Video cable (coaxial) is used to interconnect 
security systems, television, cable television, 
digital cable, DVDs, projection screens, and 
multimedia displays. Video hard wiring uses 
75 €) coaxial cable. 

* Data cable is used to interconnect computer 
networks, fax machines, and printers. Data 
wiring uses a four-pair, 100 €) UTP cable. A 
CAT 5e or CAT 6 rated cable must be used for 
data communication. 

Communication cables are designed for aerial, 
protected (behind walls), or underground applications. 
Aerial cable is cable suspended in the air on poles or 
other overhead structures. Aerial cable typically in- 
cludes a steel cable used for strength. Communication 
cable designed to be buried underground, also known 
as outside plant cable, includes additional outer layers 
for moisture protection. Underground communication 
cable is used to interconnect stations, servers, termi- 
nals, telecommunication rooms, entrance facilities, 
and backbone cables. Backbone cables are conductors 
(copper or fiber optic) used between telecommunica- 
tion closets, or floor distribution terminals and central 
offices (equipment rooms) within a building. Com- 
munication cable is often labeled using the acronym 
of the cable, such as unshielded twisted pair (UTP), 
screened twisted pair (ScTP), shielded twisted pair 
(STP), or shielded twisted pair-A (STP-A). 
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Communication Cable Category 
(CAT) Rating 

Communication cable is rated by a category 
(CAT) rating number. CAT ratings standards are 
referenced from ANSI EIA/TIA 568 B.1 and 
B.2. New CAT ratings are continually created as 
manufacturers achieve faster operating speeds, 
and old CAT ratings such as CAT 1, 2, 3, and 5 
are phased out. See Figure 3-4. 


COMMUNICATION CABLE 
CATEGORY RATING 


IN DEVELOPMENT 
(CAT. 8) 


CATEGORY 8 
(1.2 GHz) 


CATEGORY 7 
(600 MHz) 


CATEGORY 6 
(250 MHz) 


RECOMMENDED 
FOR NEW VOICE M 
AND DATA SYSTEMS Category 5* 


CATEGORY 4* 
(20 MHz) 


CATEGORY 3 
(16 MHz) 


CATEGORY 2* 
(1 MHz) 


OLDER TELEPHONE 
SYSTEMS 
CATEGORY 1* 
VOICE AND LOW (NO RATING) 
SPEED DATA 
ONLY 


* No longer in Standard ANSI EIA/TIA 568 


Figure 3-4. Communication cable is rated from CAT 1 
through CAT 8. 
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pike 
9 23 


Category 5 multicommunication cable includes a phone line, data transmission 
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line, TV cable, and internal network cable. 


The CAT rating of a cable determines the con- 
ductor bandwidth rating. Bandwidth is the width 
of arange of frequencies that have been specified 
as performance limits within which a meter can 
be used. The higher the bandwidth, the higher the 
data transfer capacity. Cable CAT ratings include 
the following: 

* CAT I—A rating used for older wire and cable 
used in POTS (“plain old telephone service"). 
CAT 1 cables are of various gauges and are 
used in inside applications with frequencies 
less than 1 MHz. Examples include UTPSTP 
backbone voice applications and doorbells. 

* CAT 2—A rating used for inside wire and 
cable systems for voice applications and data 
transmission up to 4 MHz. Cable sizes are 
AWG #22 or AWG #24 and are typically used 
in UTPSTP backbone voice applications. 

• CAT 3—A rating used for inside wire and cable 
systems for voice applications and data trans- 
mission up to 16 MHz. High-speed data/LAN 
systems use CAT 3. CAT 3 cable size is AWG 
#24, which is used in UTPSTP backbone voice 
applications that span a relatively small area. 

• CAT 4—A rating used for inside wire and 
cable systems for voice applications and data 
transmission up to 20 MHz. Cable sizes are 
various gauges. 


* CAT 5—A rating used for inside wire and 
cable systems for voice and data transmis- 
sion up to 100 MHz. Cable sizes are various 
gauges. CAT 5 cable is one of the most com- 
monly used cables in LAN systems because 
CAT 5 offers extended frequency transmis- 
sion (above CAT 3 and CAT 4). 

* CAT 5e—A rating used for inside wire and 
cable systems for voice and data transmission 
up to 100 MHz. CAT 5e cable allows for lon- 
ger runs because the wire is packaged tighter, 
with greater electrical balancing between pairs. 
Cable sizes are various gauges. 

* CAT 6—A rating used for inside wire and cable 
systems for voice and data transmissions of up 
to 250 MHz. Cable sizes are AWG #22 for STP 
and AWG #23 or AWG #24 for UTP. 

* CAT 7—A rating used for inside wire and cable 
systems for voice and data transmissions of up 
to 600 MHz. Cable sizes are AWG #22 for STP 
and AWG #23 or AWG #24 for UTP. 

* CAT 8—A rating used for inside wire and 
cable systems for voice and data transmission 
with performance requirements extended up 
to 1.2 GHz. Cable sizes are AWG #22 for STP 
and AWG #23 or AWG #24 for UTP. 


Communication Cable Color Codes 
and Pin Designations 


Communication cable is arranged in twisted pairs 
of conductors in a common protective cover. Twist- 
ed conductors are conductors that are intertwined 
at regular intervals. The number of pairs typically 
ranges from four to hundreds of pairs. A standard 
color code identification system identifies each pair 
of conductors, regardless of the number of pairs in 
the cable. See Figure 3-5. 

Each conductor pair has a tip conductor and a 
ring conductor. A tip conductor is the first wire 
in a pair of wires. A ring conductor is the second 
wire in a pair of wires. Tip and ring conductor pair 
colors complement each other for easy identifica- 
tion. For example, the first conductor of the pair 
(tip conductor) is colored white with a blue stripe 
and the second conductor (ring conductor) is blue 
with a white stripe. 
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COMMUNICATION CABLE 


COLOR CODE The terms “tip” and “ring” conductor come 
| : | from the early telephone system switchboards in 
TWISTED which the wire at the end of the plug was called 


CABLE PAIR CABLE 
JACKET 


the tip and wire at the connecting point of the jack 
was called the ring. See Figure 3-6. 


SWITCHBOARD JACK 


INSULATION 


2 TO 25 PAIRS 
OF CABLE CONDUCTOR 


INSULATION 
CONDUCTOR 


Figure 3-6. Tip and ring derive their names from the early 
telephone operator's cordboard plug. 


BASE COLOR 


BAND COLOR Communication Cable Bundle Color 
Code Designations 


VDV systems often require communication cable 
that is bundled into hundreds of individual pairs 
of conductors. Communication cables that include 
large numbers of conductor pairs are arranged 
with conductor pairs grouped into sets of 25. Each 
f 25 conductor pairs is wrapped with a color- 
Dp o pa | 
coded binder (string) that identifies the grouping. 
The binder color code system follows the same 
PETIT color code as the 25 pair conductor color code 
(1 = blue, 2 = orange, and 3 = green). Binders 
are color-coded using one or two colors. When a 
one-color binder is used, the color of the binder 
follows the color of the ring conductor band 
color code (blue, orange, green, brown). When a 
А В two-color binder is used, the color of the binder 
follows the color of the tip conductor insulation 
band color code (white-blue, white-orange, white- 


BONDING AND GROUNDING green). See Figure 3-7. 


In addition to the color-coded binders used to 


Refer to ANSI/TIA/EIA 607, Standard for Bonding band and identify conductor sets, a cable may also 
efer to ; | ; j i 
and Grounding of Telecommunications Systems, include a ripcord. A ripcord is a cord included in a 
when installing or updating VDV systems. cable that aids in removing the outer jacket. 


Figure 3-5. A standard color code system identifies each pair 
of conductors, regardless of the number of pairs in the cable. 
RL LT rm 
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Technical Tip 


A cross-connect (jumper) wire connects two subsystems of a 
telecommunications circuit, such as a horizontal to a backbone. 


Communication Cable Mechanical 
Arrangement Numbering System 


Conductor pairs are terminated using connection 
blocks, cable outlets, plugs, couplers, and other types 
of quick-connect, quick-disconnect connections. 
Connectors are designed to provide good mechani- 
cal strength and electrical conductivity. The wiring 
of connectors must also separate the conductors for 
identification of each twisted pair. 

Conductors are terminated using connectors 
designed to hold one pair of conductors or mul- 
tiple pairs of conductors. Standard connectors are 
designed for holding one, four, or 25 pairs of con- 
ductors. Connectors follow a numbering system 
that allows standardization when wiring conduc- 
tor pairs. Some recommended communication 
cable installation tips include the following: 


* Use as few connections as possible because ex- 
cessive connections lower system performance. 

* Wire to the highest projected data rate. 

* Allow at least 18" of spare wire at all connec- 
tion points. 

* Keepconnectors clean during installation and 
use dust covers on fiber optic cables and fer- 
rules (connectors). 

* Never splice wires together on communication 
cable runs. 

* Never run communication cables in parallel 
with power conductors. 

* Keep VDV cables and wires away from heat 
sources. 

* Use nonmetallic staples when securing cable or 
wiring. Do not staple tightly over VDV cables. 

* [nstall communication jacks at the same height 
as electrical power receptacles. 

* Install communication jacks near electrical 
power receptacles, since both powers are typi- 
cally required. 

* Use inner walls for cable runs to avoid prob- 
lems with outer wall insulation. 


COMMUNICATION CABLE 
BINDER (STRING) COLOR CODE 


GROUP 1 , BINDER 2 
(25 PAIR) WHITE/ORANGE 
GROUP 2 
(25 PAIR) 


BINDER 1 vd T BINDER 3 
WHITE/BLUE @ WHITE/GREEN 


GROUP 3 
лс ё PAIR) 
22 
a 


BINDER 4 
WHITE/BROWN 


a pow" 4 
А 


xi (25 PAIR) 


CABLE 
JACKET 


White/Slate 
Red/Blue 


100 PAIR CABLE Red/Orange 
Red/Green 


25 PAIR COLOR CODES 


TYPE COLOR TYPE COLOR 
Brown 


Pair 1 White/Blue i 
Blue 
Pair 2 White/Orange i 
Orange Slate 


White/Green Pair 16 
Green Blue 


Black/Slate 


Yellow/Blue 


Yellow/Orange 


Pair 4 White/Brown Pair 17 
Brown Orange 

Pair 5 White/Slate Pair 18 Yellow/Green 
Slate Green 


Red/Blue Pair 19 Yellow/Brown 
Blue Brown 


Pair 7 Red/Orange Pair 20 Yellow/Slate 
Orange Slate 
Red/Green Pair 21 Violet/Blue 
Green Blue 
Red/Brown Pair 22 Violet/Orange 
Brown Orange 

Pair 10 Red/Slate Pair 23 Violet/Green 
Slate Green 


Pair 11 Black/Blue Pair 24 Viole/Brown 
Blue Brown 


“Pair 12 | Black/Oran ge 


Violet/ Slate 
| Orange ы Slate 

Pair 13 Black/Green 
Green 


* Test connections for open or short circuits, and Figure 3-7. With communication cable, each set of 25 
grounds. conductor pairs is wrapped with a color-coded binder that 
identifies the grouping. 


COMMUNICATION PROBLEMS 


Communication problems occur in many forms. 
The most common causes include improper 
cable installations, electromagnetic interfer- 
ence (EMI), radio frequency interference (RFI), 
pulling too hard (25 ft/lb), exceeding minimum 
bend radius, and using staples on CAT 5e and 
CAT 6 cables. Test instruments are used to 
troubleshoot problems and determine when 
new equipment must be installed according to 
industry and design specifications. 


CABLE MANAGEMENT 


Cable management is a method by which cable users, 
both end users and service providers, keep track of 
their cable systems. Cable management entails the 
actual route a cable or patch cord takes to get from 


Causes of Cable Failure 
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the main cause of communication problems. 


Troubleshooting Tip 


one point to another. End users physically manage 
their cables with horizontal and vertical devices such 
as racks, trays, drawers, and enclosures that route the 
cables. ANSI/TIA/EIA 606 covers the proper procedure 
for administering cable. 


Cable problems are the number one cause of problems within a VDV system. Estimates indicate that over 
50% of reported problems with VDV systems can be traced back to some type of cable problem. When a 
VDV system is designed correctly and includes the correct components and parts, the interconnections of the 
cabling system are where problems are most likely to occur. See Figure 3-8. 


Each error, no matter how small, increases the amount of attenuation (decrease in signal, power, or light 
wave strength) in the cable, and in the system. For example, removing just 1” of cable sheathing at a terminated 
end can increase signal loss (attenuation) by about 1 dB. Leaving ends untwisted by 1⁄2” increases signal loss 
by about 1.5 dB, and leaving ends untwisted for 6" increases signal loss by 10 dB. The major causes of cable 


problems are the following: 


* Cable ends not terminated properly to terminals, plugs, and jacks—for example, not maintaining the required 
pair-twist when making a connection (adding an additional twist to the pair when terminating helps maintain 
proper line impedance). Another common mistake is to remove too much of the cable jacketing. 

e Cable not properly installed changes the impedance or ability of the cable to carry the signal at the required 
operating speed. Common installation problems include overtightened cable ties, staples driven too tight, 
twists or knots in the cable, cables bent tighter than the minimum bend radius, and overfilled cable supports 


(or trays and runner systems). 


* Cable runs not properly routed. VDV cables must be separated from power cables to prevent induced mag- 


netic fields from causing noise problems. 


* Cables not properly identified, marked, and tested, or not having the necessary documentation. 


* Cables run too close to high heat sources. 


Improper installation of communication cables and lines to jack wall plates is 
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Figure 3-8. Over 50% of reported VDV system problems are caused by cable being installed incorrectly. 
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EMI/RFI Interference 


Electromagnetic interference (EMI) is an unwanted signal (noise) induced on electrical power or VDV cables 
through magnetic coupling of adjacent wires or magnetic field-producing devices such as motors and trans- 
formers. Radio frequency interference (RFI) is an unwanted signal (noise) induced on electrical power and 
VDV cables from transmitted radio frequencies such as AM radio and analog cellular. See Figure 3-9. 

Induced EMI and RFI interference produce false signals in VDV cables which lead to processing errors, 
incorrect data transfer, and printing errors. EMI and RFI problems are reduced by using shielded cables and 
proper separation of VDV cables from power cables and other electrical loads that produce EMI. 
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Figure 3-9. EMI and RFI are unwanted electrical noise that alters the shape of the signal on YDY cable. 


VDV System Testing 

Test instruments are typically thought of as being used for troubleshooting. However, test instruments are used 
any time cable is installed, moved, or replaced. VDV test instruments are used after cable installation to verify 
correct VDV cable operation. Every cable must be tested and the results documented. However, in addition 
to using VDV test instruments during certification and troubleshooting, VDV testers are also used during all 
stages of cable installation and operation. 


Test Instruments 


When VDV cable is installed as part of new 
construction, testing and documentation becomes 
even more important. Testing the cable, and 
documenting the results, after cable installation 
identifies any damaged cables. VDV cables are 
installed after the walls are closed. VDV cables 
must be kept separate from other wiring and use 
routes through a building only for VDV cable. 
Any VDV cabling found to be defective by test- 
ing is replaced. 

When a VDV cable is installed and certified, 
continued cable testing must be part of a preven- 
tive maintenance program. As loads are added to a 
system and new cables installed, cables that appear 
to be working properly can be damaged to the point 
that the cable is unusable. Problems never occur at 
a time when lost data does not create a problem. 
Routine testing of VDV cable will indicate signal 
losses (attenuation) and other potential problems. 


VDV Test Measurements 


A nuniber of different tests can be performed on 
VDV cables and systems. Some tests, such as 
measuring the length of cable on a roll of wire, 
are performed prior to installing any cable. Other 
tests, such as a wire map test, are performed 
after the cable is installed and before the cable 
is placed in service. Some tests, such as a TDR 
(time-delay reflectometer) test, can be performed 
after a cable is installed, as part of a preventive 
maintenance program, or when troubleshooting a 
problem. VDV tests include a number of different 
types of tests. 


Cable Length Test. Cable length test 1s a test 
that measures the length of conductors (in feet or 
meters). The test is used to measure the length of 
conductors still on the rolls, previously cut from 
the roll, or as part of installed cables. The test also 
verifies that cables do not exceed the set limits, 
such as the 295' (90 m) limit on horizontal cabling 
from the transmitter/receiver to the telecommuni- 
cation outlet. Knowing the length of VDV cable is 
important because VDV cable, like all conductors, 
has resistance that reduces the amount of power 
passed through the cable. The greater the length 
of a VDV cable, the greater the power reduction 
(attenuation) created by the cable. Because all 
VDV transmitted signals are at a relatively low 
power, any reduction in power caused by a cable 
must be kept to a minimum. 


Resistance Test. A multimeter set to measure 
resistance can be used to take resistance measure- 
ments of switches and connectors, verify ground 
wire connections, and test splices. However, when 
using a continuity tester or ohmmeter on VDV 
cable and equipment, the measurements have 
limited meaning. The usefulness of the measure- 
ments is limited because continuity testers and 
ohmmeters are only able to indicate a low or high 
resistance. A low resistance might appear fine, but 
low resistance does not mean that a VDV signal 
can still pass through as required or specified. 
Thus, actual resistance measurements are helpful, 
but a resistance measurement must only be used 


as a basic measurement that identifies a low or 
high resistance at the measuring point. 


Fluke Networks 
Cable length testers measure cable length and distance to faults and usually 
work with a variety of cable types. Testing cable length is important for ensuring 
clean VDV signals. 


Wire Map Test. A wire map test is a basic test for 
testing circuits for open or short circuits, crossed 
pairs, reversed wires, and split pairs. Wire map 
tests are performed on all VDV cables after the 
cable is installed. Wire map tests are used to test 
four-pair cables, 25-pair cables, and other cables. 
A wire map test is used to ensure that a cable is 
properly terminated to the correct terminals and 
that there are not any wires left unconnected or 
connected to the wrong terminal. 


Tone and Probe Test. A tone and probe test is a 
test that identifies specific pairs of wires within 
a system. A tone generator is used to produce a 
signal (tone) at one end of a pair of wires and a 
probe (inductive amplifier) is used to identify the 
wire carrying the signal at the other end of the 
cable. Tone and probe testing is a method of trac- 
ing individual wire pairs in locations that include 
numerous cable pairs. 


Attenuation Test. An attenuation test is a test 
that measures the attenuation (power loss) of each 
cable pair. Power loss occurs from one end of a 
cable to the other end because of the resistance of 
the wire and leakage current (power) through the 
insulation of the cable. Attenuation is measured 
in decibels (dB). The lower the dB loss measure- 
ment, the more efficient the cable. A cable with an 
attenuation of 5 dB performs better than a cable 
with an attenuation of 10 dB. See Figure 3-10. 
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Telephone Test. A telephone test is a test that is 
used to test the voice carrying capability of cir- 
cuits and to identify circuits. Telephone test sets 
are used to test phone systems, but are also used 
to perform basic tests on other VDV cables. Test- 
ing a communication cable to verify that the cable 
can carry a voice signal isolates a cable problem 
from other equipment problems, even on cables 
designed to carry video and data information. 
For example, when a cable cannot carry a voice 
signal, the problem is probably in the cable. When 
a cable can carry a voice signal but there are data 
transmission problems, the problem is probably 
with the transmission or receiving equipment. 


CAUTION | 
© | 
Both АС and DC voltages are used in telephone circuits. А 


telephone jack is wired to operate using 48 VDC and 75 VAC 
to 90 VAC for the ringer voltage. Because the AC voltage for 
the ringer is only present when a call is coming in, and most 
individuals come in contact with the lines only when DC voltage 
is present, it may seem that a telephone line cannot produce 
a shock. When contact is made with the lines while AC voltage 
for the ringer is present, an electrical shock is possible. 


NEXT Test. A NEXT test is a test that checks 
cable for near end crosstalk (in dB). Crosstalk is 
unwanted induced noise on a pair of cables. An 
example of crosstalk on voice lines is when un- 
related conversations are heard in the background 
over the phone line being tested. The source of 
crosstalk is typically from another pair of wires 
in the same group or from another adjacent group 
of wires. Since crosstalk increases as frequency 
increases, crosstalk problems increase as VDV 
signals are operated at faster speeds (higher 
frequencies). NEXT (near end crosstalk) is the 
amount of coupling loss (in dB) that occurs when 
a transmitted signal sent out on one cable pair is 
picked up as crosstalk on another cable pair. The 
name NEXT comes from the fact that the test 
(measurement of crosstalk) is conducted at the 
end of the cable pair closest to the transmitter. 


Figure 3-10. A cable performs best when attenuation See Figure 3-11. 
(power loss) is kept to a minimum. 
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Figure 3-11. NEXT (near end crosstalk} is the amount of 
coupling loss (їп dB) that occurs when a transmitted signal 
sent on one cable pair is picked up as crosstalk on another 
cable pair, and can occur in multiple locations. 


Propagation Delay Test. A propagation delay 
fest 15 a test that measures the time (in ns) required 
for a signal to travel the length of a cable pair. 
Propagation losses limit the length of a cable be- 
cause high losses cause signal and data reception 
problems. Causes for signal losses can be runs 
that are too long, bad splices, low-quality cable, 
and cable drops. Propagation losses also increase 
as a function of frequency and can create a bigger 
problem for high-speed transmissions. Applying 
a high-frequency test signal at one end of a cable 
and measuring the propagation loss at the other end 
determines the propagation delay of the cable. 


Delay Skew Test. A delay skew test is a test that 
determines the difference in propagation delay 
between cable pairs. The difference in propagation 
is important because in some systems, more than 
one pair of cables are used to send simultaneous 
signals over different pairs in order to move large 
amounts of data at fast speeds. Simultaneous 
signals require that the transmitted data reach the 
receiver points at the same time. 


Impedance Test. An impedance test is a test that 
measures the impedance of each cable pair. [т- 
pedance (Z) is the total opposition that any combi- 
nation of resistance (R), inductive reactance (X, ) 
and capacitive reactance (X_) offers to the flow of 
alternating current. Impedance, like resistance, is 
measured in ohms and limits current flow, which 
limits the total power that can be sent through a 
cable. An impedance mismatch is correct when 
conductors of a pair of wires do not have the same 
impedance (resistance). A damaged conductor, 
bad splice, or improper conductor termination 
typically causes impedance mismatches. Properly 
terminated cable ends typically eliminate imped- 
ance mismatches. 


RL Test. A return loss (RL) test is a test that 
measures the signal loss due to signal reflection 
(return loss) in a cable. RL tests indicate how well 
the impedance characteristics of a cable match 
the rated impedance over a range of frequencies. 
In a VDV cable, some of the transmitted signal is 
reflected back to the transmitter, never traveling 
to the receiver. In a voice system, RL is heard as 
an echo of the original sounds. 


TDR Test. A time domain reflectometer (TDR) 
test is a test used for measuring cable length and 
locating faults (short or open circuits, poor con- 
nections) on cables (twisted pair and coaxial). A 
TDR tester transmits pulses into one end of a ca- 
ble. The pulses travel along at a speed determined 
by the propagation of the pulses. When the pulses 
reach an impedance change in the cable, a fault, 
or the end of the cable, a reflected signal is sent 
back to the TDR. The tester reads the size, shape, 
and return time of reflected pulses to identify the 
type of problem. See Figure 3-12. 


Troubleshooting Tip 


SIGNAL-TO-NOISE RATIO a measure of the quality of transmission. The only way 


Signal-to-noise ratio is the measurement of the ratio to overcome unwanted signal noise is to increase the 
of usable signals to the undesired noise on a cable or signal strength or to reduce the volume of noise so the 
circuit and is usually measured in decibels. The ratio is receiver can "hear" the signal. 


VDV COPPER WIRE TEST 
INSTRUMENTS 


All conductors are designed to carry power 
from опе point in a circuit to another point. 
The amount of power that a conductor can carry 
depends on the applied voltage (5 VDC, 12 VDC, 
115 VAC), the voltage and current type (AC or 
DC), the frequency of the voltage and current 
(60 Hz, 20,000 Hz), the conductor size (AWG 
#14 or AWG #22), the conductor material (cop- 
per or aluminum), and the insulation used on the 
conductors. Conductors used in high power cir- 
cuits operating at lower frequencies (115 VAC, 
60 Hz) can generally carry power with few or 
no problems, even when the installation is less 
than acceptable (poor splices or connections). 
Problems that do occur may not be known for 
some time. such as a low voltage condition 
(caused by a bad splice) that is causing a lamp 
to burn at less than full brightness or a heating 
element that produces less than the rated heat. 
However, conductors carrying low power VDV 
signals operate at high frequencies. Because 
of the higher frequencies, any installation less 
than standard causes problems. Problems typi- 
cally show up immediately or at an undesired 
time, such as when transmitting large amounts 
of data. In order to ensure proper cable instal- 
lation and uninterrupted service, VDV test 
instruments are used. 
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Figure 3-12. A TDR measures distance, impedance, levels of 
RFI/EMI, connector/terminator problems, and the presence of 
open and short circuits in network systems that use cable. 
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Cable assemblies are wires or cables bundled together with 
connectors on at least one end, and are made by over 300 
companies. 


Low power VDV wires operating at high frequencies will have transmission 
problems if installation is less than standard. 


Cable Length Meter 

A cable length meter is a handheld test instrument that measures the length of cables that are still on rolls, a 
cut length of cable, or an already installed cable. A cable length meter can be used with power cable, telecom- 
munication cable, data cable, twisted pair cable, coaxial cable, and other copper or aluminum cable. Most 
cable length meters can measure cable lengths of several thousand feet or more. See Figure 3-13. Cable length 
meters are not only used for determining cable length, but also aid in troubleshooting. When a cable is open, 
the cable length meter will display the distance to the open section. Cable length meters are relatively accurate, 
depending upon the model used and length of cable being tested. 
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CABLE LENGTH METER PROCEDURES 
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Figure 3-13. A cable length meter is a handheld unit that measures the length of cables that are still on rolls, a cut length 
of cable, or an already installed cable. 


Refer to the operating manual of the test instrument for all measuring precautions, limitations, and proce- 
dures. To measure the length of a cable, apply the following procedures: 


Q Turn the cable length meter ON. 
@ Set the function switch of the cable length meter to the type of wire to be measured (copper or aluminum). 


O Set the selector switch of the cable length meter to the size of wire to be measured (such as AWG #18 
or AWG #22). 


Ө Set the selector switch of the cable length meter to the desired measurement display (feet or meters). 


Ө When a cable tester meter calls for setting the impedance of a typical cable, set the selector switch of the 
meter for the impedance of the cable being tested. Typically, the setting should be 50 Q for power cables, 
75 О for coaxial cable, and 100 Q for twisted pair. 
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Q Connect test leads to cable length meter jacks. 

@ Attach the cable length meter to both ends of the cable being tested. 
Ө Read the cable length measurement displayed on the meter. 

© Record the cable length. 


(9 Remove the cable length meter from the cable being measured. 
QD Turn the cable length meter OFF. 

Expect a 2% to 5% difference in length measurement between twisted pairs. The variance exists because 
there is a difference in the twist rate (twists per foot or TPF) between the pairs of cable. The twisting of each 
pair at a different rate reduces problems from crosstalk and reduces the strength of the electromagnetic field 
radiated from the twisted pair. The more energy that remains in a circuit, the farther the signal can travel 
without signal boosting. See Figure 3-14. 


.. DIFFERENT TWIST INTERVALS 


igure 3-14. The twisting of each pair of conductors at a different interval reduces problemsYrom crosstalk and reduces 
the strength of the electromagnetic field radiated from the circuit. 


GAUTION, 


P x 
Cable Fault Finder (Wire Map Tester) / 
Always turn a VDV test instrument ON before connecting the 


A cable fault finder шл cable VDV test instrument to a circuit. Many VDV test instruments 
map tester) is a test instrument used to find include an automatic input protection circuit that is activated 
open circuits, short circuits, and improper cable when the test instrument is turned ON. 

wiring. A wire map tester typically displays a 
PASS or FAIL indication after each test. A wire 


gaa 


map tester tests and displays the wire condi- Technical Tip ——M—— 
tions between the tester ends of the cable and Electrical metal tubing (EMT) is also commonly known as 
the far ends of the cable on all four pairs. See conduit. EMT acts as a fire barrier for telecommunications 


systems. Installers, designers, and technicians should refer to 
local municipal codes to determine when EMT is a require- 
ment for routing VDV cables and circuits. 


Figure 3-15. 
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CABLE FAULT FINDER (WIRE MAP TESTER) MEASUREMENT PROCEDURES 
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Figure 3-15. A cable fault finder (wire map tester) is used to find open circuits, short circuits, and improper cable wiring. 


Before taking any measurements using a wire map tester, ensure the tester is designed to take measurements 
on the cables being tested. Refer to the operating manual of the test instrument for all measuring precautions, 
limitations, and procedures. Always wear required personal protective equipment and follow all safety rules 
when taking the measurement. To find a fault using a wire map tester, apply the following procedures: 


Q Ensure the cables being tested are not carrying any signals. 


O Perform a visual inspection of the cable and cable connections, and the area in which the cable is located. 
Look for signs of damage, loose wires, and pinched cables. 


© Tum the wire map tester ON. 


O Connect the wire map tester to the cable be- 
ing tested. 


Ө Read the information displayed on the wire 
map tester. The display may use PASS or 
FAIL test lights, or a problem may be dis- 
played. 


Ө When a wire map tester indicates a fault, check 
for the fault in the cable. 


Ө Make any required corrections. 
Q Retest the cable. 


© Remove the wire map tester from the cable 
being tested. 


© Turn the wire map tester OFF. 


Cable Fault Analysis 


A wire map tester indicates when a cable passes 
or fails a given test. When a cable fails a test, un- 
derstanding the fault will allow for correcting the 
problem and retesting the cable. Although there can 
be any number of wiring mistakes and problems, 
there are several typical ones. See Figure 3-16. 


Correct Wiring. When wiring is performed prop- 
erly, a wire map tester displays a PASS condition. 
Due to the PASS condition on the display, the wire 
map tester will not display a FAIL condition. 


Shorted Wire. A shorted wire (short) is any 
conductor (cable or wire) that has an unwanted 
low resistance path between two conductors or to 
ground. Typically a short takes place between wire 
pairs, but can also take place between cables. 


Open Wire. An open wire is any conductor (cable 
or wire) that does not have continuity (low resis- 
tance path) between the two ends of the conductor. 
Typically an open takes place in only one wire, 
but there may be more than one when a cable is 
severely overpulled. 


Crossed (Transposed) Cable Pair. A crossed 
(transposed) cable pair occurs when two common 
cable pairs are connected at the terminals of the 
other. The tip end of one pair must be switched with 
the tip end of the other pair or the ring end of one pair 
must be switched with the ring of the other pair. 
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COMMON WIRING MISTAKES 
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Figure 3-16. Common wiring errors include reversed wire 
pairs, crossed cable pairs, split wire pairs, open wires, and 
shorted wires. 
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Reversed Wire Pair (Same Pair). A reversed 
wire pair is acommon cable pair in which the tip 
and ring conductors are reversed with each other. 
When ring conductors are reversed, the condition 
is called a tip/ring reversal. 


Split Wire Pair. A split wire pair occurs when 
any two wires from different pairs are each wired 
into the position of the other. 


Coaxial Cable Testers 


A coaxial cable tester is a handheld test instru- 
ment that is used to test for open or short circuits 
on coaxial cable. Coaxial cable is a cable that 
has a center conductor surrounded by an insulat- 
ing layer with a braided metal jacket around the 
outside of the insulating layer. The braided metal 
jacket provides a high degree of protection against 
EMI and RFI interference. See Figure 3-17. 


f Troubleshooting Тір | Tip 


CO-LOCATION OPERATIONS 


A co-locator is a carrier other than the service 
provider who puts their equipment in the service 
provider's facility and then joins their equipment to the 
service provider's equipment for a fee. Co-location 
is done to provide better service, solve technical 
problems faster, have better interconnections, and 
save money. 


` 
Ls \ 
When taking standard voltage and current measurements on 


power lines (115 VAC, 230 VAC, etc.), the testing does not 
interrupt service or cause any system problems. However, VDV 
service can be interrupted or data lost or damaged by improper 
use of some types of test instruments on a communication line 
that is transmitting information. This is because some testers can 
cause impedance changes in the circuit. A VDV test instrument 
should never be connected to an active network unless the 
instrument is designed to safely monitor network activity. 
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Figure 3-17. A coaxial cable tester is a handheld tester that is used to test for open or short circuits on a coaxial cable. 
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Before taking any measurements using a coaxial cable tester, ensure the tester is designed to take measure- 
ments on the coaxial cables being tested. Refer to the operating manual of the test instrument for all measuring 
precautions, limitations, and procedures. Always wear required personal protective equipment and follow all 


safety rules when taking the measurement. To test a coaxial cable using a basic coaxial cable tester, apply the 
following procedures: 


Q Ensure the cabies being tested are not carrying any signals. 


O Perform a visual inspection of the cable, cable connections, and area in which the cable is located. Look 
for signs of damage, loose wires, and pinched cables. At the end of a coaxial cable, look for damage to 
the inner connector (the small, thin wire sticking out the farthest). 


O Connect the coaxial cable tester to the cable being tested. 
Q Tum the coaxial cable tester ON. 


Ө Read the information displayed on the coaxial cable tester. The display may use PASS or FAIL test lights, 
or a problem may be displayed. 


Q When the coaxial cable tester indicates a fault, check for the fault in the cable. 
Q Make any required corrections. 

© Retest the cable. 

O Remove the coaxial cable tester from the cable being tested. 


@ Turn the coaxial cable tester OFF. 


Advanced Testing. When a coaxial cable tester 
includes additional test capabilities such as 
measuring cable impedance, cable length, and 
TDR, each test should always be performed as 
specified by the manufacturer. When a coaxial 
cable tester indicates a fault, the electrician 

should check for the fault in the cable, make any 799 м. 


required corrections, and retest the cable. Extech Instruments Corporation 


Amplifier probes work with tone generators to identify individual circuits when there 
are a large number of circuits or when the runs are too long to trace manually 


Tone Generator and Amplifier Probe Testers 

Electrical systems are comprised of individual electrical circuits. The number of individual electrical circuits 
varies from a few to thousands of circuits. VDV wiring systems can include hundreds of individual wires and 
cables or bundles of wires and cables. When the wires and cables are not marked, finding the correct wire 
and/or troubleshooting with the unmarked wires is time consuming. To trace and identify individual wires and 
cables, a tone generator and amplifier probe are used. 

A tone generator is a test instrument that is used to place a tone on a cable that can be received by an ampli- 
fier probe at the other end of the cable. Tone generators and amplifier probes are used for cable identification 
with standard electrical wire, security wire, telephone wire, and coaxial wire. Tone generators are used with 
amplifier probes or can be included as part of other VDV test instruments. See Figure 3-18. 
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Figure 3-18. A tone generator is a testing device that is used to place a tone on a cable that can be received by an ampli- 
fier probe on the other end, and is used mostly for cable identification of standard electrical wire, security wire, telephone 
wire, and coaxial wire. 


Before taking any measurements using a tone generator and amplifier probe, ensure the tester is designed 
to take measurements on the cable being tested. Refer to the operating manual of the test instrument for all 
measuring precautions, limitations, and procedures. Always wear required personal protective equipment 
and follow all safety rules when taking the measurement. To test a cable using a tone generator and amplifier 
probe, apply the following procedures: 


Ensure the cable being tested is not carrying any signals. 
Turn the tone generator and amplifier probe ON. 


Prior to connecting the tone generator to the cable (circuit) being tested, verify that the amplifier probe is 
working by placing the amplifier next to the tone generator. 


© oce 


Use the amplifier probe to locate the cable (circuit) connected to the tone generator. When there is no 
tone, the cable being tested is not the correct cable to be identified. When the wire being tested causes the 
amplifier probe to sound, the correct wire has been identified. 


Make any required corrections to the cable or circuit. 


Retest the cable (circuit) to verify that the tone generator signal is being received. 


= © © 


Remove the tone generator from the cable or circuit being tested. 


Q Turn the tone generator and amplifier probe OFF. 


REQUIRED TESTING 


The tests required for 100 Q twisted pair cabling as 
required by ANSI/TIA/EIA 568-B are wire map, cable 
length, insertion loss (insertion loss is an updated 
term for attenuation), near end crosstalk (NEXT), 
power sum NEXT (PSNEXT) for category 5e and 
higher, equal level far end crosstalk (ELFEXT) for 
category 6 and higher, power sum equal level far end 
cross talk (PSELFEXT) for category 5e and higher, 
delay and delay skew for category 5e and higher, 
and return loss for category 6 and higher. 


Telephone Line Testers 


Hard-wired telephone systems and telephones 
used to be the primary method of voice com- 
munication over distance. Telephones are still 
the primary method of voice communication, but 
are now hard-wired or wireless. Hard-wired tele- 
phone lines that once carried only voice are now 
also used to carry data and video signals. When 
voice, data, or video problems occur on telephone 
lines, the telephone lines must be tested. Testing 
a telephone line for proper voice transmission 
and reception is important because when a line 
cannot satisfactorily carry a voice signal, the line 
will not be able to carry video and data signals. 
To test telephone lines, a telephone line tester is 
used. A telephone line tester is a test instrument 
that is used to simulate the telephone of a caller so 
the telephone equipment and line can be tested. A 
telephone line tester is used to identify telephone 
line problems (troubleshoot) on the phone line 
and equipment. Typical telephone line testers can 
detect, measure, or perform the following: 
* low voltage condition 
* high voltage condition 
* low current (mA) condition 
* tone generation for tracing wires with a tone 
probe 
* line polarity 


Troubleshooting Tip 


Chapter 3 — Voice-Data-Video {VDV) Test Instruments 


Telephone line testers range from basic testers 
that are used to identify only a few basic circuit 
conditions, such as whether a line has a signal, 
to complete line/signal analyzing functions. The 
basic tester is primarily used to verify that a line is 
powered. The analyzer is used to isolate and iden- 
tify any problem with the line and/or certify the 
line was installed correctly. See Figure 3-19. 

Before taking any measurements using a tele- 
phone line tester, ensure the tester is designed to 
take measurements on the telephone line being 
tested. Refer to the operating manual of the test 
instrument for all measuring precautions, limita- 
tions, and procedures. Always wear required per- 
sonal protective equipment and follow all safety 
rules when taking the measurement. To test a 
telephone line using a telephone line tester, apply 
the following procedures: 


Q Turn the telephone line tester ON. 


Ө Connect the telephone line tester to the circuit 
being tested. 


© Observe any warning lights or tones that indi- 
cate a circuit problem, such as an overcurrent 
line condition. 


Ө Remove the tester if any warning lights are 
displayed and correct the problem on the line 
prior to reconnecting the tester. 


Ө with the phone tester connected to the circuit 
being tested, perform all required line or sys- 
tem tests, such as trying to send and receive 
a clear voice (phone) signal. 


Q whena problem is identified, make any re- 
quired circuit corrections. 


@ Retest the telephone line to verify that the line 
and equipment are working properly. 


© Remove the telephone line tester from the 
circuit. 


© Turn the telephone line tester OFF. 


Technical Tip 


* capturing and identifying dial-out numbers 
* inbound caller ID testing 
* outgoing caller ID testing 


Insertiou loss is the combined signal loss of each of the compo- 
nents in a permanent link. Total insertion loss = (IL x number of 
connectors) + (IL x total length of cable) + (IL x total length of 
patch cords). Total loss should be 3 dB or less at any frequency. 
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Figure 3-19. Telephone line testers and modem/line testers are used to troubleshoot telephone lines for unknown problems. 
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Cable Fault Analyzers 


There are several tests that can be performed to 
evaluate the condition or quality of twisted pair 
wires or coaxial cables. Cable fault analyzers 
are typically used for the following tests and 
functions: 

* cable length 

* wire map 

* attenuation 

* NEXT (near-end crosstalk) 

* propagation delay 

* delay skew 

* impedance 

* RL (return loss) 


The types of tests an analyzer can perform 
depends upon the model used (models also vary 
in cost). Certain tests require only one unit that 
connects at one end of a cable while other tests 
require a receiver connected at one end of the 
cable with a main unit at the other end. Cable 
fault analyzers can perform various tests such as 
wire length, wire map, attenuation, opens, and 
shorts. Cable fault analyzers display information 
in numerical values, in words (PASS or FAIL), or 
with graphic displays. See Figure 3-20. 


| Technical Tip | Tip 


Fault tolerant is the ability of a system to provide normal 
operation despite failure of hardware, software, or cabling. 


* TDR (time domain reflectometer) 


CABLE FAULT ANALYZER DISPLAYS 


SSE 132?) z———» 


BBE тоосооссооососсавз. 
E 
105" 


Pairs 3,6-4,5 Split 


Check Wiring 


View 
HDTDX 


NEXT Pairs 1,2-4,5 


o SOMH: 100 


т 
4B.5dB at 15.6MHa Margin = ?.6dB 
e * Adjusts scale 4 b loves cursor 
Vieu Next 
Result Pairs 


AUTOTEST 


Wire Map 
Resistance 
Length 
Delay Skew 
Attenuation 
Return Loss 
NEXT 
Power Sum NEXT 
ELFEXT 
Power Sum ELFEXT 
ENTER to view results 
Page 


MM 
Memory Doan 


Figure 3-20. Copper cable fault analyzers typically use 
graphic displays to indicate information but can have numeri- 
cal or light indicator displays. 


Cable Fault Analyzer Measurement 
Procedures 


Cable fault analyzers are used to perform all 
basic tests on a twisted pair or coaxial cable and 
certify that the cable meets set standards. See 
Figure 3-21. Before taking any measurements us- 
ing acable fault analyzer, ensure the fault analyzer 
is designed to take measurements on the wires or 
cables being tested. Refer to the operating manual 
of the test instrument for all measuring precau- 
tions, limitations, and procedures. Always wear 
required personal protective equipment and follow 
all safety rules when taking the measurement. To 
test twisted pair wires or cables using a cable fault 
analyzer, apply the following procedures: 


@ Ensure that the cables being tested are not 
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Ө тит the cable fault analyzer, main unit, and 
receiver unit ON (if used). 


e Input any required or optional setup informa- 
tion (cable type, user name, printer type, time, 
and date) into the cable fault analyzer. 


Ө Run any self-test the cable fault analyzer 
includes. 


Set the reference level by following the proce- 
dures outlined in the manual of the cable fault 
analyzer. Setting the reference level typically 
requires that the main unit be connected to the 
receiver unit. A reference level establishes a 
reference point so the cable fault analyzer 
can measure attenuation changes in the signal 
strength once the analyzer is connected to the 
cable being tested. 


Q Disconnect the main unit from the receiver. 


© Connect the main unit to one end of the cable 
being tested. 


Ө Connect the receiver unit to the other end of 
the cable being tested. 


© Use the directions provided with the ana- 
lyzer to perform all required tests (wire map, 
NEXT, attenuation). 


@ Record, or save in the memory of the cable 
fault analyzer, all important or required 
measurements. 


Make any required corrections to faults in the 
twisted pair or cable. 


Retest the twisted pair or cable after any 
changes are made. 


Remove the main unit and the receiver unit 
from the cable being tested. 


© e 8 e 


Turn the main unit and receiver unit of the 
cable fault analyzer OFF. 


| Some cable fault analyzers must be turned ON prior to being 
connected to a circuit. Fault analyzers must be on to activate 
internal protection circuits. 


carrying any signals. 
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CABLE FAULT ANALYZER MEASUREMENT PROCEDURES 
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Figure 3-21. A cable fault analyzer is used to perform all basic tests on a twisted pair and coaxial cable and certify that 
the cable meets set standards while displaying pertinent information. 


VDV FIBER OPTIC TEST Fiber Optic Cable 

INSTRUMENTS Similar to copper conductors and cable, fiber 
optic conductors and cable are used to transmit 
data from one location to another location. Fiber 
optics is the method of using light to transport 
information from one location to another location 
through thin filaments of glass or plastic. Ina fiber 
optic system, electrical information (voice, data, 
or video) is converted to light energy by a fiber 
optic transceiver, transmitted to a receiver over 
optical fibers, and then converted back into electri- 
cal information by a fiber optic transceiver. 


Various test instruments are used for the proper 
installation and troubleshooting of fiber optic 
cable and related hardware in telecommunication 
systems. Most testing is performed with digital 
multimeters (DMMs) with fiber optic test attach- 
ments. Other tests require fiber optic microscopes, 
fiber optic fault analyzers, or optical time domain 
reflectometers (OTDR). 


Optical fibers are either glass or plastic. Be- 

| Technical Tip | Tip cause of higher quality, glass is more suitable for 

орис data transmission over long distances but 

Approximately 88% of all optical fiber service lines are single 
mode (SM). Single-mode fiber has a core diameter of 8 ит 

to 8-9 ит and a cladding diameter of 125 um. Advantages of | bees ae CAM 

single-mode fiber include high bandwidth and low attenuation used in applications requiring short transmission 


rates. Public networks use single-mode fiber for applications lines (50° or less). 
such as telephony, cable television, and backbone networks. 


is more expensive and fragile than plastic. Due 
to glass being more fragile than plastic, plastic is 
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Fiber optic cables are lightweight and offer the highest bandwidth and speeds possible. Fiber optics also 
uses smaller diameter cables, which are not affected by electromagnetic interference (EMI) or radio frequency 
interference (RFI). Fiber optic cables are used in large backbone systems and at individual workstations. Fi- 
ber optic connectors must be protected from physical damage and moisture. To protect the fibers, protective 
cladding and coatings are used along with strength members. Cladding is a layer of glass or other transparent 
material surrounding the fiber core that acts as insulation. 

There are various types of fiber optic cables available to meet varying cable requirements. Fiber optic 
cables typically consist of more than one fiber-carrying strand. In addition to standard fiber optic cable, two 


other types of fiber optic cable are the tight-buffered fiber optic cable and the loose tube fiber optic cable. See 
Figure 3-22. 
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Figure 3-22. In addition to standard fiber optic cable, two other basic types of fiber optic cable are tight-buffered fiber 
optic cable and loose tube fiber optic cable. 


Test Instruments 


Tight-buffered fiber cable has a more restricted fiber movement. Loose tube fiber cable has fiber that is 
not restricted and can move freely inside the housing. Although both types use air or gel-filled tubes to al- 
low fiber movement, tight-buffered fiber cable typically uses gel-filled tubes. The movement of fiber cable 
allows for expansion and contraction during temperature changes. Loose tube fiber cable is stronger and is 
used in applications requiring long-distance cable runs. Although signal losses occur because of the length 
of the fiber cable, losses from splices and connectors often exceed the losses from the actual cable length. 
Common signal losses occur from axial and angular misalignment, excessive separation between cables, 


and rough ends. See Figure 3-23. 
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Figure 3-23. Common causes of signal loss with fiber optic 
cable include axial and angular misalignment, excessive end 
separation, and rough (unpolished) ends. 


Technical Tip ! 


The minimum long-term bend radius of most optical cable is 
the cable's diameter x 10. 


Fiber Optic Cable DMM Test 
Attachments 


A fiber optic cable DMM test attachment is a 
DMM accessory used to test fiber optic cable and 
fittings. When transmitting light through a fiber 
optic cable, light loss must be kept to a minimum. 
Fiber optic cable DMM test attachments are used 
to test fiber optic cable and fittings for any losses. 
See Figure 3-24. 

DMM fiber optic attachments plug into any 
DMM that can measure and display mV DC. The 
fiber optic attachments are used to measure the 
signal loss (attenuation) of light on any fiber optic 
cable. An independent fiber optic test light source 
is required to supply a light source of a known 
strength for testing. The fiber optic attachments 
output 1 mV DC per 1 dB to the DMM. 

Before taking any measurements using a fiber 
optic cable loss (attenuation) attachment, ensure 
the attachment and DMM are designed to take 
measurements on the fiber cables being tested. Re- 
fer to the operating manual of the test instrument 
for all measuring precautions, limitations, and 
procedures. Always wear required personal pro- 
tective equipment and follow all safety rules when 
taking the measurement. To test the attenuation of 
a fiber optic cable using a fiber optic attenuation 
attachment, apply the following procedures: 


Q Ensure the fiber optic cable being tested is not 
carrying any signals. 


Ө Connect the fiber optic test light source to one 
end of the fiber optic cable being tested. 


O Connect the fiber optic attenuation attachment 
to the voltage inputs of the DMM. 
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Set the DMM to measure mV DC. 


Connect the fiber optic attenuation attachment to the fiber optic cable (end opposite the fiber optic test 
light source). 


Read the displayed mV DC, which is the amount of loss (attenuation) through the fiber optic cable and splices. 
A reading of 0 mV DC indicates no loss, 5 mV equals a 5 dB loss, and 20 mV equals a 20 dB loss. 


Reverse the position of the fiber optic attenuation attachment with the position of the fiber optic test 
light source. 


Read the displayed mV DC, which is the amount of loss (attenuation) through the fiber optic cable and splices, 
but in the opposite direction. The highest reading (greatest dB loss) is used to evaluate the cable system. 


Record the attenuation and compare the measurement to established standards. 


Turn the fiber optic attenuation attachment and fiber optic test light source OFF. 


eoo © © © oe 


Remove the fiber optic attenuation attachment and fiber optic test light source from the fiber optic cable. 


FIBER OPTIC CABLE DMM TEST ATTACHMENT MEASUREMENT PROCEDURES 
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Figure 3-24. A fiber optic cable DMM test attachment is a DMM accessory used to test fiber optic cable and fittings. 
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Fiber Optic Microscopes 


In electrical circuits that use wires, VDV signals are sent over copper wire as electrical energy in the form of 
voltage and current signals that vary in amplitude, frequency, strength (power level), type (AC or DC), and 
shape (sine wave, digital pulses, etc.). In electrical circuits that use fiber optic Cables, VDV signals are sent over 
glass or plastic fibers as light energy, which was converted from electrical energy at the transmitter and will 
be reconverted back to electrical energy at the receiver. To allow the light energy to travel from the transmitter 
to the receiver without losing or corrupting the signal, the fiber optic cable must be clean (contaminant free) 
from one end to the other end. If any contamination exists along any point of the glass or plastic fiber, there 
is a reduction or distortion of the signal. A reduction or distortion of the signal causes communication losses 
and problems. Any dirt, dust, debris, or scratch of a fiber causes problems and diminishes signal strength. 


Before taking any measurements using a fiber 
optic microscope, ensure the microscope is de- 
signed to take measurements on the fiber cables 
being tested. Refer to the operating manual of 
the test instrument for all measuring precautions, 
limitations, and procedures. Always wear required 
personal protective equipment and follow all 
safety rules when taking the measurement. To 
view fiber optic cables using a fiber optic micro- 
scope, apply the following procedures: 


Fiber Optic Microscope Testing 
Procedures 


To properly inspect glass or plastic fibers, a fiber 
optic microscope is used. A fiber optic microscope 
is atest instrument that allows visual viewing of the 
inside of a fiber cable. Fiber optic microscopes use 
laser light to allow inspection (viewing) of cables 
up to several miles in length. In the two basic types 
of fiber optic microscopes, (1) the cable is viewed 
directly by looking into the microscope, or (2) a 


screen is used to indirectly view the cable image. 
The direct-view fiber optic microscope includes a 
filter to prevent eye damage. See Figure 3-25. 


Q Ensure the fiber optic cable being tested is not 
carrying any signals. The microscope provides 
the power (light beam) for viewing the inside 


of the fiber optic cable. 


Connect the microscope to one end of the fiber 
optic cable with adapter cap. 


WARNING. 


Hold down the light source button to view the 
core of the optical fiber. 


4 Never look directly into an optical fiber light. Some fiber optic 
light sources produce invisible radiation that can permanently 
damage eyes. Never use a regular (non-laser light filtered) 
microscope to view a fiber optic cable. Always use a fiber optic 
microscope that includes a filter. 


Rotate the viewfinder until the image is clear. 


oo © © 


There must be a clear image viewed through- 
out the fiber optic cable. If a clear image is 
viewed throughout the fiber portion of the 
cable, the fiber is clean and should not be the 
cause of any problems. If there are obstacles 
observed, identify the problem and correct it. 
Manufacturers of fiber optic microscopes pro- 
vide examples of how viewed problems will 
be displayed on a particular test instrument. 


Release the light source button. 


= © 


Once the problem has been corrected, retest 
the fiber again. 


Remove the fiber optic microscope from the 


Fluke Networks А 
fiber optic cable. 


Fiber optic microscopes allow electricians to directly view contaminants and 
faults that impair high-speed data transmission. 
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FIBER OPTIC MICROSCOPE TESTING PROCEDURES 
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Figure 3-25. A fiber optic microscope is a test instrument that allows visual viewing of the inside of a fiber cable. 
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Fiber Optic Fault Analyzers 


Fiber optics is a technology that uses light sig- 
nals transmitted through flexible fibers of glass 
or plastic. Fiber optic cable is used to connect 
two electronic circuits together. Electronic cir- 
cuits convert electrical signals into light signals 
at the fiber optic transmitter or convert the light 
signals back into electronic signals at the fiber 
optic receiver. The light signal (beam) must be 
transmitted to the receiver without excessive loss 
of power or signal distortion. 

There are several tests and measurements that 
can be taken to evaluate the condition or quality 
of a fiber cable. The four most common tests 
performed on fiber cable are the following: 

* continuity test of fiber optic cable 
* measurement of the amount of optical power 

(strength of signal) 

* measurement of attenuation (loss of signal) 
through the fiber 

* measurement of light signal dispersion over 
the length of the fiber optic cable 


Technical Tip 


Continuity Tests. One of the most common tests 
is a continuity test. A continuity test checks the 
power going through a fiber. The light that actually 
carries the VDV signals cannot be seen. Thus, a 
white light or red laser light is typically used to test 
continuity visually. The light source is connected 
to one end of the fiber optic cable being tested and 
the other end of the cable is tested to verify that 
light is coming through the cable. When there is 
a complete path (continuity) for the light to travel 
through the fiber (1.e., there are no breaks), the 
next test is to test the actual quantity and quality 
of the light source delivered to the receiver from 
the transmitter by the fiber optic cable. 


Optical Power Measurements. As in any elec- 
trical system, there must be enough power to 
perform the required work. A fiber optic trans- 
mission system has a light source that must have 
enough power to transmit the signal through the 
cable and connections. Optical power strength is 
measured in dBm (decibels per milliwatt), with 
0 dBm equal to 1 milliwatt. 

The decibel scale is logarithmic, which means 
that for every 3 dB increase in strength the power 
level must be doubled, and for every 3 dB decrease 
in the strength the power level is cut in half. 


The minimum short-term bend radius (during installation 
procedures) of most optical cable is the cable's diameter x 20. 
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Light Strength Electrical Power 
0 dBm = _ 1 milliwatt or 1000 microwatts 
-3 dBm = 0.5 milliwatts or 500 microwatts 
—10 dBm = 0.1 milliwatts or 100 microwatts 
-20 dBm = 0.01 milliwatts or 10 microwatts 
-30 dBm = 0.001 milliwatts or 1 microwatt 


Power Attenuation Measurements. When a 
power source has enough power to operate a load, 
the power must still get from the power source 
to the load. Power attenuation is one of the most 
important measurements taken on a fiber cable. 
Power attenuation is measured in dB. 


POWER POWER POWER 

LOSS LOST RECEIVED 
0 dB 0% 100% 
3 dB 50% 50% 

10 dB 90% 10% 

20 dB 99% 1% 

30 dB 99.9% 0.1% 

40 dB 99.99% 0.01% 
50 dB 99.999% 0.001% 


An optical time domain reflectometer (OTDR) 
is a test instrument that is used to measure cable 
attenuation. An OTDR uses a laser light source that 
sends out short pulses into a fiber and analyzes the 
light scattered back. The light source decays with 
fiber attenuation. Attenuation is produced by reflec- 
tions from splices, connectors, and other areas in 
the cable that cause problems. Based on the amount 
of reflected back signal, the type and location of a 
fault is displayed. See Figure 3-26. 


Light Dispersion Measurements. In a perfect 
electrical circuit, a signal (sine wave, square wave, 
or digital pulse) is the same shape at the fiber optic 
receiver as at the fiber optic transmitter. However, in 
all electrical circuits (copper wire or fiber optic), the 
received signal is always distorted to some extent. 
Light dispersion is the main source of distortion ina 
fiber optic cable. See Figure 3-27. Light dispersion 
lengthens the wavelength of the transmitted signal 
as the light travels down a fiber. Light dispersion 
is what limits the length of a fiber cable, because 
light dispersion increases proportionally with 
cable length. 
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Figure 3-26. An OTDR is used to measure fiber optic signal 
loss (attenuation), length, and fiber endface integrity. 


Troubleshooting Tip 


ADVANTAGES OF FIBER OPTIC 
TRANSMISSION 


Although fiber optic technology is more recent than 
copper as well as initially more expensive, fiber 
does have several cost-saving advantages over 
copper connectivity. These advantages include 
the following: 

* Long distance transmission without the use of 
repeaters or regenerators; fiber can be routed 
10,000’ versus 328’ for copper 

* Higher capacity; one fiber cable can replace 

several copper cables. 

Reduced system cost, once installed 

Reduced maintenance cost 

Ease of upgrade 

Lower life cycle cost 

Smaller size for same bandwidth 

Lighter weight 

Dielectric nature; light waves do not conduct 
electric current. 

Immunity to EMI/RFI 
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_ FIBER OPTIC SIGNAL DISPERSION 
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Figure 3-27. A fiber optic signal will become distorted from its original shape as it moves along the length of the cable 
from the signal source to the receiver. 
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Power losses and light dispersion are increased 
by impurities in the cable such as bubbles in the fi- 
bers, and by dirty connections, bends in the cable, 
increased length of cable, and coupling losses. 
Even the oil from the hand of an electrician left 
on a fiber end causes losses. Due to the sensitivity 
of fiber optic cable to contaminants, fiber optic 
cable as well as copper cable installations must 
be performed in the correct way, with the correct 
tools and by qualified electricians. A special type 
of fiber cable is zero-dispersion fiber optic cable. 
Zero-dispersion fiber optic cable is thinner and has 
fewer impurities than standard fiber optic cable. 
While being of the highest quality, zero-dispersion 
fiber optic cable is very expensive and is only used MEETS 


for new installations, rather than upgrades. Simple fiber link problems can be diagnosed with a visual fault locator, which 
can locate fibers, verify continuity and polarity, and help find breaks in cables, 
connectors, and splices. 


Fiber Optic Visual Fault Locators 

A fiber optic fault analyzer can be used to perform all basic tests on a fiber cable and certify that the cable 
meets industry specifications. While a standard fiber optic fault analyzer will provide in-depth information as 
to the cause of a problem, a portable fiber optic fault locator (also referred to as a fault finder) locates frac- 
tures, breaks, cracks, and other faults in the glass fiber by using a red beam as a light source. The red beam 
will only be visible at the point of the fault. Most technicians utilize handheld models of visual fault locators 


to initially locate a problem. 
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Fiber Optic Visual Fault Locator Testing Procedures 


Before testing a fiber optic cable using a fiber optic visual fault locator, ensure the visual fault locator is designed 
to take measurements on the fiber cables being tested. Refer to the operating manual of the test instrument for 
all measuring precautions, limitations, and procedures. Always wear requiréd personal protective equipment 
and follow all safety rules when taking the measurement. See Figure 3-28. To test for faults in a fiber optic 
cable using a standard fiber optic visual fault locator, apply the following procedures: 


Q Ensure the fiber optic cables being tested are not carrying any signals. 

O Connect the fiber optic visual fault locator to the fiber optic cable. 

© Turn the visual fault locator ON. 

Ө Press the FLASH button to toggle between continuous and flash mode. 

Ө Locate the red beam of light along the fiber optic cable, which indicates a fault area. 
Ө Make any required corrections to any faults. 

© Retest the cable after any changes are made. 

Q Turn the fiber optic visual fault locator OFF. 


© Remove the fiber optic visual fault locator from the fiber optic cable. 


WARNING 


Troubleshooting Tip 


PREPOLISHED CONNECTORS 4 Never look directly at the red beam. Permanent eye ante | 


could result. 


A prepolished fiber optic connector is polished to Р 
specifications in the factory. No field (папа) polish is GAUTTION /{ 


required. The cable fiber is inserted through an indexing Pe. 
gel behind the connector's ferrule and crimped to the Always turn a fiber optic fault analyzer ON before connecting 


connector in the field, saving time and cost. the analyzer to a circuit. Fault analyzers must be on to activate 
internal protection circuits. 


FIBER OPTIC: FAULT LOCATOR TESTING PROCEDURES 


TURN FIBER OPTIC VISUAL 
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HANDHELD FIBER OPTIC FROM FIBER OPTIC CABLE 
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LIGHT LOCATES 
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CONTINOUS AND FLASHING @] \ ПУ) ENSURE FIBER OPTIC 
MODE, PRESS FLASH FIBER OPTIC CONNECTOR К. CABLE HAS NO SIGNAL 


CONNECT FIBER OPTIC 


Ө TURN FIBER OPTIC FAULT 
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FIBER OPTIC CABLE f === 
©) MAKE ANY CORRECTIONS TO RECEIVER 


TO FIBER OPTIC CABLE ҮД RETEST FIBER OPTIC CABLE 


Figure 3-28. A handheld fiber optic fault analyzer initially locates a problem in the glass fiber by using a red beam of light 
that is visible at the point of the fault. 
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WIRELESS COMMUNICATION Satellite Finder Meters 

Wireless communication is the sending and A satellite finder meter (satellite strength meter) 
receiving of voice, data, and video signals is a test instrument that is used to locate a satel- 
without using wires or cables. The term ^wire- lite signal and measure and display the signal 
less" is actually an old term created when radio strength. Satellite finder meters are used to align 
receivers first came out at a time when wired satellite-receiving dishes (dish receivers) to the 
telegraph was the primary way of sending best position to receive the strongest signal. 


signals from one point to another. Today cell 
phones and wireless communication by laptop 
computers are easily recognized forms of wire- 


less communication. Wireless communication Technical Tip 


Is on S o ing o , F aeea д T F 
one of the fastest growing segments of the Topology is the description of connections in a network. Logi- 


communication field in many areas other than cal topology is one station transmitting to many receivers. 
cell phones and laptop computers. For example, Physical topology is any two stations conuected to a telecom- 
wireless communication between tagged parts munications closet where all nodes can be cross-connected. 


and data systems of companies allows real- 
time continuous monitoring and tracking of 
everything in a warehouse, on the job site, 
and during transportation. Construction and 
transportation companies now know the exact 
location of every piece of equipment owned by 
the company at any time of the day or night. 
The transmission of signals is accomplished 
using radio frequencies (RF), infrared (IR) 
waves, laser light beams, or microwave signals. 
Most wireless communication systems use 
low-power radio (about 3 kHz to 300 GHz) or 
infrared frequencies (about 3 THz to 430 THz). 
Microwave and laser transmission and reception 
are sometimes used between two fixed points, 
such as two buildings in a campus setting. 
The advantage of a microwave link is that a 
microwave link allows reliable communication Ф Open the line connecting the satellite dish to 
regardless of rain, fog, or other atmospheric the satellite receiver. 
conditions that can distort other wireless signals © 
(laser and radio waves). Satellites and satellite 
technology now allow wireless communication Ө 
Ө 


Satellite Finder Meter Measurement 
Procedures 


Before finding the location of a satellite using a 
satellite finder meter, ensure the satellite finder 
meter is designed to take measurements in the 
area being tested. See Figure 3-29. Refer to the 
operating manual of the test instrument for all 
measuring precautions, limitations, and proce- 
dures. Always wear required personal protective 
equipment and follow all safety rules when taking 
the measurement. To use a satellite finder meter 
to locate the strongest satellite signal, apply the 
following procedures: 


Connect the satellite finder meter in series 
with the open line. 


Е ? - Turn the satellite finder meter ON. 
signals to be transmitted and received almost 


anywhere in the world. With the combination of Observe the displayed signal strength and 


satellite communication and Global Positioning position the satellite dish so that the highest 
System (GPS), worldwide communication and signal strength is displayed. 

positioning make it possible to not only transmit Gino he satellite Ander meter Пош Шс 
and receive information worldwide, but also to ОТЕ cucu 


know the exact location that signals are coming 
from and going to. Aligning satellite receivers 
to the best position for receiving signals is ac- 
complished by using satellite finder meters. Ө Check that the system is operating properly. 


Reconnect the cable from the satellite dish to 
the satellite receiver. 
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SATELLITE FINDER METER MEASUREMENT PROCEDURES 


SATELLITE SIGNAL 
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Figure 3-29. A satellite finder meter (satellite strength meter) is a test instrument that is used to locate a satellite signal and 
measure/display the signal strength. 


lest Instruments 


Power Quality 


est Instru 


Power quality test instruments are used in situa- 
tions where the specific waveforms, transients, 
and harmonics of electrical power must be mea- 
sured. These types of test instruments include 
power quality meters, phase sequence testers, 


three-phase power analyzers, temperature me- - 


ters, and power circuit testers. 


POWER QUALITY PROBLEMS 


An electrical power system is a system that 
produces, transmits, distributes, and delivers 
electrical power to satisfactorily operate electrical 
loads designed for connection to the system. An 
electrical power system may be small and simple 
or large and complex. For example, a portable 
generator used by company electricians or by an 
emergency crew of a utility company is a small, 
self-contained electrical power system. A large 
utility company servicing a metropolitan area is 
a very large electrical power system. 

Regardless of the size of an electrical power 
system, power must be supplied that allows loads 
to operate satisfactorily. Damage to electrical 
equipment occurs when electrical power is not 
supplied at the proper level (voltage), amount 
(current), type (single-phase or three-phase, AC 
or DC), or condition (purity). 

When electrical power is properly supplied to 
a load, the load should operate for years without 
a problem. When problems do occur with a load, 
the load must be serviced or replaced. Servicing or 
replacing a load is only a short-term solution when 
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the problem is with the incoming power from the 
utility company. Problems with power systems or 
loads result in production equipment damage, costly 
downtime, and/or safety hazards. 

Before a load is connected or when a load is 
serviced, the quality of the incoming power must be 
tested to ensure proper system and load operation. 
Power quality must also be tested as part of a pre- 
ventive maintenance program. A preventive mainte- 
nance program is a combination of unscheduled and 
scheduled maintenance work required to maintain 
equipment in peak operating condition. Preventive 
maintenance is performed to keep electrical systems 
and loads operating with little or no downtime. 

When troubleshooting power quality problems, 
an electrician must identify the source of the power 
problem. The problem might come from an outside 
source such as a lightning strike on the incoming 
power lines of the facility. The electrical distribu- 
tion system of the facility or building can be the 
source of problems because of improper ground- 
ing and/or undersized conductors. Power quality 
problems are also caused by one or all of the loads 
connected to a power distribution system. Loads 
connected to a power distribution system can cause 
problems such as harmonics on the power lines. 
Most power quality problems show up when loads 
are connected to or disconnected from a power 
distribution system. See Figure 4-1. 
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Figure 4-1. Power-related problems result from causes outside a facility or from loads being connected inside a facility. 


= Troubleshooting Tip 


ISOLATED AND ELECTRICALLY 
FLOATING 


Isolated and electrically floating are terms used 
to describe measurements in which the common 
test lead of a power quality meter is connected to a 
voltage other than earth ground. 


To troubleshoot power quality problems in 
power distribution systems, measurements must 
be taken. Some measurements are taken and 
interpreted immediately, such as those for phase 
sequence, low or high voltages, or overloaded 
circuits. Other measurements (transient volt- 
ages, voltage sags, or voltage swells) require 
time in which to acquire a good understanding 
of the system and circuit problems, and time for 
acquiring usable data. Acquiring measurements 
over time is preferred because power quality 
problems vary and are only detectable at certain 
times of the day or during a certain sequence of 
production operations. Power quality problems 
are found using test instruments such as oscil- 
loscopes, clamp-on ammeters, phase detectors, 
or multimeters, or by using specialized test 
instruments such as harmonic analyzers and 
power quality analyzers. See Figure 4-2. 


POWER QUALITY TROUBLESHOOTING 
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POWER QUALITY PROBLEM 
TEST INSTRUMENTS — 
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Three-Phase Power 
Analyzer Meter 


Voltage Unbalance, 36 Lines 


Digital Multimeter 


Single Phasing 


Clamp-On Ammeter 


Current Unbalance, 3$ Lines 


Clamp-On Ammeter 


Overcurrent Problems 


Clamp-On Ammeter 


Overheated Equipment 


Temperature Meter 


Transients 


Harmonics 


Power Interruptions 


Voltage Problems 
(Sags/Swells) 


Power Factor 


Power Analyzer Meter 


Harmonic Meter — Power 
Analyzer Meter 


Voltmeter with MIN MAX — 
Power Analyzer Meter 


Voltmeter with MIN MAX — 
Power Analyzer Meter 


Power Analyzer Meter 


Noise 


Oscilloscope — Power 
Analyzer Meter 


Figure 4-2. Power quality problems are found using test 
instruments such as oscilloscopes, clamp-on ammeters, 
multimeters, temperature meters, and 36 power quality 


analyzers. 


Troubleshooting is a logical, step-by-step process used to find a problem in an electrical power system or 
process as quickly and easily as possible. Some power quality problems are found by taking only one or two 
measurements, such as measuring a low voltage condition on a branch circuit or receptacle (outlet). Other 
power quality problems require that several different measurements (voltage, harmonic, and transient) be taken, 
often at different locations and at various times. Following common troubleshooting steps helps organize 
the troubleshooting processes to determine the type of fault and the location of the electrical problem. See 
Figure 4-3. When troubleshooting a power quality problem, the following steps are performed: 


* Obtain information 

* Observe system and load operation 
* [solate problem(s) 

* Test fault 

* Document findings 
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Figure 4-3. Troubleshooting a power distribution system follows basic steps for maximum efficiency and accuracy. | 


Obtain Information 


Before taking any measurements or taking any corrective action, obtain as much information about the 
problem as possible or practical. System and circuit information can be obtained by applying the following 
procedures: 

1. Walk through the building or facility and observe the type and number of linear loads (motors, heating 
elements, incandescent lamps, magnetic motor starters) and nonlinear loads (computers, printers, electric 
motor drives, programmable controllers, copy machines) used in the building. Look for possible sources 
of problems such as new loads being added to existing circuits, or new installations (circuits), as well as 
the type and quality of wiring. Nonlinear loads are a common source of harmonic problems. New installa- 
tions can overload power system components (transformers and wiring) if additional power usage has not 
been allowed for or reserve power is not available. The quality of wiring to loads may be correct, or may 
be poor because of extension cord use and overloading. An electrical system that is poorly wired is more 
likely to have power quality problems. An electrical system that has undersized wires and transformers, 
plus distribution panels that are not grounded properly, will have power quality problems. 
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2. Gather technical information, such as prints of the power distribution system and electric bills from the 
utility company. When electrical prints are not available, make basic sketches and take notes about the 
condition of the system in various locations. Electric bills detail such information as any penalties (such 
as for poor power factor and demand charges) that the utility has imposed for poor power usage. Electric 
bills can also show when there was high power usage. An undersized electrical system will have more 
problems during high (peak) energy usage. 

3. Collect as much information as possible about the nature of the problem being reported or the suspected 
problem. Ask questions such as, What is the nature of the problem? When does the problem occur? How 
often does the problem occur? What loads are affected? What actions have caused the problem in the past? 
An operator may not know anything about electricity or proper wiring, but an operator can often supply an 
electrician with valuable information about a problem. Always take notes when collecting information. 


_ Troubleshooting Tip 


Observe System and Load 


Operation GENERAL MEASUREMENT 

Observe the system and load operation during GUIDELINES 

Startup, partial operation, full operation, and When taking electrical power quality measurements, 
shutdown. Starting large 30 motors or equip- keep the following general limits in mind. 


* Voltage Range: Within +5% to -10% of loads 
rating. 
* Voltage Unbalance: Not more than 296 between 


ment causes voltage sags. Proper operation of 
electrical equipment during partial operation of 


a facility but not during full operation typically he tree meier sert. 

indicates that system transformers are overloaded. * Current Unbalance: Not more than 10% betwen 
Observe if the entire system or only one circuit the three motor leads. 

has a problem. Observations help determine the * Voltage Total Harmonic Distortion: Not more 
Starting point of the troubleshooting process. шаш 


: е i * Current Total H ic Di ion: 
Troubleshooting a problem with an entire system em p, а armonic Distortion ооо 


usually requires starting at the main power source 
and working to the loads. Troubleshooting a load 
problem usually requires starting at the load and 
working to the main power source. 


Power Xplorer E 0.7.0 (ETA: 
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Gea 


Scope 


Isolate Problems 


Isolate the area or section of an electrical system 
that is suspected of having a problem. Narrow 
down the sources of the problem based on infor- 
mation obtained. Look for potential secondary 
causes. For example, overhead service entrances 
can be subjected to more problems than lateral 
underground services because overhead service 
entrances are affected by close lightning strikes 
and other weather-related problems. The more 
an electrician troubleshoots, the easier it will be 
for the electrician to isolate the problem area of a 
system. Often, power systems have primary and 
secondary problem areas. 
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Some power quality meters have a graphic interface for quick access to power 
quality measurements. 
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Test Fault 


Start at the potential source of a problem and take measurements. Taking measurements is the only way, other 
than visual observation, of understanding how an electrical system is or is not operating. Start with basic test 
instruments (voltmeter, current clamp, temperature meter) to acquire general information and use more advanced 
meters (power analyzer meter, harmonic meter) to acquire specific information. Take as many temperature, 
voltage, current, harmonic, and other power measurements as practical with various test instruments. Test 
instruments that include several functions are useful when taking various measurements. For example, when 
using a power analyzer meter, voltage measurements for sags and swells, harmonic measurements, power 
measurements, and measurements for transients can be taken. Record all measurements taken and displayed 
information (waveforms). 


Document Findings 


Even when documentation is not required, documentation is important because documentation records what 
work was done to a system and can be used as a reference for future problems. Documentation also helps 
identify problems that lead to failure over time. Record all malfunctions or problems identified and list all the 
components and parts of the system tested. List suggestions for correcting or eliminating each problem. Print 
out stored measurements and waveforms when possible. Compare the findings with data from the manufacturer 
of other, similar equipment that is Operating properly. 


Technical Tip = 


THREE-PHASE POWE R LINE Phase monitor relays are used to protect against phase loss, 
PROBLEMS phase reversal, phase unbalance, undervoltage, and overvoltage. 


When an electrical device fails or malfunctions, 
or an overcurrent protection device such as a fuse 
or circuit breaker removes power from a circuit, 
a problem exists in the electrical system. The Improper Phase Sequence 
problem can be caused by insulation breakdown, 
improper application, circuit overloading, or 
problems within the power distribution system. 
Power distribution system problems that can cause 
problems for loads include: 


Improper phase sequence (phase reversal) is the 
changing of the sequence of any two phases in 
a three-phase system or circuit. Improper phase 
sequence reverses motor rotation. Reversing mo- 
tor rotation can damage driven machinery and/or 


* improper phase sequence injure personnel. See Figure 4-4. 


* voltage unbalance 
* current unbalance 
* single phasing 

Voltage unbalance and single phasing problems 
are found by taking voltage measurements with 
multimeters that display actual circuit voltage. 
Test instruments such as test lights and voltage 
indicators are not used because test lights and volt- 
age indicators only approximate the voltage level 
in a circuit. Current unbalance is found by using 
clamp-on ammeters. Improper phase sequence is 
found by using phase sequence testers. 


Phase reversals typically occur when modifi- 
cations are made to power distribution systems 
or when maintenance is performed on electrical 
conductors or switching equipment. The National 
Electrical Code? (NEC?) requires phase reversal 
protection on all personnel transportation equip- 
ment such as moving walkways, escalators, and 
ski lifts. Phase reversal protection is also applied in 
applications in which an accidental phase reversal 
will damage equipment, such as in a pump applica- 
tion where the pump motor can operate in only one 
direction without causing damage to the pump. 
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Figure 4-4. Phase sequencing of a 36 motor requires the changing of any two phases (phase reversal) of the power supply 
to the motor. 


Phase Sequence and Motor Rotation Tester 

A phase sequence tester is a test instrument used to determine which of the three-phase power lines are powered 
and which power line is phase A, which is phase B, and which is phase C. The phase sequence is important 
because phase sequence determines the direction a motor shaft will rotate. Phase sequence testers are available 
in two types—phase sequence tester only, or phase sequence tester and motor rotation tester combined. 

A phase sequence tester is connected to the supply lines, and lights on the tester indicate if voltage is present 
and if the power lines are in the correct order (phase A is A, phase B is B, and phase C is C). When the phases 
are not in the correct order, the phase sequence tester indicates that the phases are not in ABC order. 

A motor rotation tester (when included as part of a phase sequence tester) is connected to the T1, T2, and T3 
motor terminals before the motor is connected to power or mechanical equipment. Lights are used to indicate 
the ABC condition of the motor and circuit. Three lights indicate the presence of line power and two lights 
indicate motor shaft rotation. The clockwise or counterclockwise rotation of the motor shaft is determined by 


viewing the end of the motor shaft. 


Technical Tip 


Phase indicators and motor rotation testers vary in cost, depending on the desired frequency range. 


Test Instruments 


Phase Sequence and Motor Rotation Applications 


Three-phase circuits include three individual ungrounded (hot) power lines. The three power lines are referred 
to as phases A (L1, R), B (L2, S), and C (L3, T). Phases A, B, and C must be connected to switchboards and 
panelboards per NEC? requirements. The phases shall be arranged A, B, C from front to back, top to bottom, 
and left to right as viewed from the front of the switchboard or panelboard. See Figure 4-5. 

If present, the high voltage leg of a three-phase circuit shall be considered phase B and colored orange 
(or clearly marked) per the NEC? when the switchboard or panelboard is fed from a 120/240 V, 36, 4-wire 
or delta-connected service. The color orange and the B designation marking are required because there is 
approximately 208 V between phase B (high voltage leg) and the neutral of the system. One hundred and 
ninety-five volts is considered an unreliable source of power because 195 V is too high for standard 115 V 
loads and too low for standard 230 V loads. 

Conductors (wires) are covered with an insulating material that is available in various colors. The advan- 
tage of using various colors on conductors is that the identification (function) of each conductor can easily be 
determined. Some colors have definite meaning. For example, the color white is used as a neutral conductor. 
Other colors may have more than one meaning depending on the circuit. For example, a red conductor may 
be used to identify a hot wire in a 230 V circuit or a switched wire in a 115 V circuit. 

Conductor color-coding helps conductor identification when balancing loads among the three phases and 
aids in the troubleshooting process. Conductor color-coding is also used in applications that do not require 
every conductor to be color-coded because standard circuit conductor color-coding is always used where ap- 
plicable. Green or green with a yellow stripe is the standard color for grounding conductors. A solid green 
conductor is the most common color used for grounding conductors regardless of the voltage level or circuit 
type. A grounding conductor is a conductor that does not normally carry current, except during a fault (short 
circuit). The grounding conductor must be sized to carry full fault current. 


PHASE ARRANGEMENT AND HIGH-PHASE MARKING 
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Figure 4-5. Phase arrangement and high-phase marking of three-phase circuits are required per standards of the NECS. 
eS TL SERR 
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The color white or natural gray is used for the 
neutral (grounded circuit) conductor. A neutral 
conductor is a grounded current-carrying conduc- 
tor that carries current from the load back to the 
power source. A good ground reference exists at 
the power source. If the green wire and ground rod 
were removed, the circuit would still operate but 
would create a very dangerous condition. Neutral 
conductors are connected directly from the power 
source to the loads and never connected through 
fuses, circuit breakers, or switches except in cases 
of circuits involving motor fuel dispensing. The 
conductor colors green (or green with a yellow 
stripe) and white (or natural gray) are required 

Fluke Corporation 


per the NEC®. i кыру is 
} А in Power quality meters and phase testers are used to identify the wiring phases 
Electrical circuits include ungrounded (hot) of a 3 motor. 


conductors in addition to neutral and ground- 
ing conductors. An ungrounded conductor is 
a current-carrying conductor that is connected 
to loads through fuses, circuit breakers, and 
switches. Ungrounded conductors can be any 
color other than white, natural gray, green, or 
green with a yellow stripe. Black is the most 
common color used for ungrounded conductors. 
Red, blue, orange, brown, and yellow are also 
used for ungrounded conductors. Although such 
colors as red, blue, orange, and yellow are used 
to indicate a hot conductor, the exact color used 
to indicate various typical hot conductors (A, B, 
C) of systems may vary. See Figure 4-6. 

Hot conductors in a three-phase system may 
be identified with other types of markings in ad- 
dition to color-coding. For example, a three-phase 
system may use three black conductors for each of 
the three hot conductors (A, B, and C), and tape 
band markings for each conductor. One band of 
colored identification tape may be placed around 
the line one (L1) black conductor when marking 
three-phase hot conductors. Likewise, two bands 
of colored identification tape may be placed 
around the line two (1.2) black conductor, and three 
bands of colored identification tape may be placed 
around the line three (L3) black conductor. 


Technical Tip 


Wire markers are typically used in place of 
tape bands. A wire marker is a preprinted peel-off 
marker designed to adhere when wrapped around 
a conductor. Wire markers resist moisture, dirt, 
and oil, and are used to identify conductors of 
the same color that have different meanings. For 
example, the three hot black conductors (L1, L2, 
and L3) of a three-phase system are marked with 
different numbered wire markers. Wire markers 
are used even when different colored conductors 
are used. Using wire markers in addition to color- 
coding conductors further clarifies the meaning 
of all conductors. 

Conductors (wires) marked phase A, B, or C, 
should be phase A, B, and C throughout a build- 
ing or facility. As wire is pulled through a system, 
phase sequence testers are used to guarantee that 
all three phases are properly marked. Phase A 
must be phase A everywhere in a power distribu- 
tion system. 

The clockwise or counterclockwise rotation 
of a 3ф motor depends upon the sequence of the 
power lines. Even when the sequence of the power 
lines is known, a motor may not operate in the 
direction an electrician thought because not all 
motors are wired the same way. Motor rotation 
testers are used to test the rotation of a motor 
before power is applied. 


Article 250 of the National Electrical Code? covers all require- 
ments for bonding and grounding of electrical installations. 
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Figure 4-6. Conductor color coding allows for the balancing of loads among the three phases and aids in the trouble- 
shooting process. 
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Phase Sequence Tester Measurement Procedures 


The phase sequence of power lines can be verified using a phase sequence tester. Before taking any phase 
sequence measurements using a phase sequence tester, ensure the meter is designed to take measurements on 
the circuit being tested. See Figure 4-7. Refer to the operating manual of the test instrument for all measuring 
precautions, limitations, and procedures. To verify the phase sequence of the three three-phase power lines, 
apply the following procedures: 


\ j 


| K | 
| uL |! nu | а ha SR ы). 


Ө Connect the three test leads from the phase sequence tester to the three power lines being tested. The test 
leads on a phase sequence tester are typically color-coded and include alligator clips. Connect phase A test 
lead to what should be power line phase A (L1/R), phase B test lead to B (L2/S), and phase C test lead to 
C (L3/T). 

Ө Verify that all three three-phase indicator lights are ON. If a light is not ON, use a voltmeter to test why 
the phase is not powered (for example, a fuse may be blown). When all phase indicator lights are ON, 
there is no open phase. 

© Check the phase sequence lamps. When the phases are in the correct order (the test leads are connected 
to the system A to A, B to B, and C to C), the phase tester "ABC" light will be ON. If the lines are not in 
the right order, the phase tester “BAC” light will be ON. Interchange the test leads until the "ABC" light 
is ON. Mark each phase line for proper identification. 

© Reconnect the phase sequence tester to test any additional parts of a system. Reconnect the tester because 
the phase sequence will change if the power lines are not correctly connected before and after a device. 


© Remove the phase sequence tester from the circuit. 


4 Troubleshooting Tip 


CALCULATING VOLTAGE USING TERMINAL STRIP 
OHM’S LAW -— 


Ohm's law states that the voltage (E) in a circuit is equal 
to current (/) multiplied by resistance (А). To calculate 
voltage using Ohm's law, apply the following formula: 
EXE 
where 
E = voltage (in V) 
l= current (in A) 
R = resistance (in €2) Е= іх В 
EXAMPLE: Whatis the voltage of a circuit when the circuit E= 22x 10.45 
has 22 A of applied current and 10.45 О of resistance? E=230V 
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PHASE SEQUENCE TESTER MEASUREMENT PROCEDURES 
/\\ WARNING 


* Follow all electrica] safety practices and procedures 


* Check and wear personal protective equipment (PPE) 
for the procedure being performed 


* Perform only authorized procedures 
* Follow all manufacturer recommendations and procedures 
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Figure 4-7. The phase sequence of power lines can be verified using test instruments such as phase sequence testers. 


Motor Rotation Tester Measurement Procedures 


The rotation of a motor can be tested using a motor rotation tester before the motor is connected to an electri- 
cal circuit or mechanical system. See Figure 4-8. 

Before taking any frequency measurements using a digital multimeter, ensure the meter is designed to take 
measurements on the motor being tested. Refer to the operating manual of the test instrument for all measur- 
ing precautions, limitations, and procedures. Always wear required personal protective equipment and follow 
all safety rules when taking the measurement. To test the direction of motor rotation of a 3$ motor, apply the 
following procedures: 


Chapter 4—Power Quality Test Instruments 


@ When the motor is not disconnected from the power lines, verify that the circuit power to the motor is OFF 
using a voltmeter (first test the voltmeter on a known energized circuit). Some motor rotation test instru- 
ments have a button that is pressed to test that all power in the system is OFF. When a system is powered, 
a warning light will turn ON. 


O Connect the test leads of the motor rotation tester to the motor input terminals T1 (U), T2 (V), and T3 (W). 


© Rotate the motor shaft clockwise by hand. When the clockwise light is lit, the motor will run in the clockwise 
direction when ТІ is connected to L1, T2 to L2, and ТЗ to L3. When the counterclockwise light is lit, the 
motor will run in the counterclockwise direction when connected T1 to L1, T2 to L2, and T3 to L3. 


Ө When the motor must run in the opposite direction, interchange two power (or motor) lines. Interchanging 1 
and 3 is the industrial standard. 


Ө Remove the motor rotation tester from the motor. 


MOTOR ROTATION TESTER MEASUREMENT PROCEDURES - 
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Figure 4-8. Motor rotation must be checked before connecting a motor to an electrical circuit or mechanical system. 


Phase Unbalance 

When three-phase power is generated and distributed, the three power lines are electrically 120° out of phase 
with each other. Phase unbalance (imbalance) is the unbalance that occurs when three-phase power lines are 
more or less than 120? out of phase. Phase unbalance of a three-phase power system occurs when single-phase 
loads are applied, causing one or two of the lines to carry more or less of the load. Electricians must balance 
the loads on three-phase power systems during installation. Phase unbalance begins to occur as additional 1 
loads are added to the system. The unbalance causes the three-phase lines to move out of phase so the power 
lines are no longer 120 electrical degrees apart. See Figure 4-9. 
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Figure 4-9. Phase unbalance occurs when 36 power lines 
move out of phase as single-phase loads are added or con- 
nected to a system. 


Phase unbalance causes 3 motors to operate 
at temperatures higher than nameplate ratings. 
The greater the phase unbalance, the greater the 
temperature rise. High temperatures produce in- 
sulation breakdown and other related problems. 
A 30 motor operating in an unbalanced circuit 
cannot deliver its rated horsepower. For example, 
a phase unbalance of 396 causes a motor to work 
at 90% of its rated power and the motor must 
be de-rated. 


Phase unbalance in an electrical system can be 
thought of like the timing system in an automo- 
bile. A little off on the timing of an automobile 
causes a much larger power loss problem because 
the system is operating out of sequence. 


| Technical Tip | Tip 


When leads from a three-phase generator that is to operate in 
parallel with other generators are being connected to the gen- 
erator switch, the circuits must be phased out. The leads must 
be connected so that when the generator switch is thrown, each 
lead from the generator will connect to the corresponding lead 
from the other generators. This is done to prevent damage from 
an interchange of current when the machines are in parallel. 


Three-Phase Power Analyzer Meter 
Measurement Procedures 


Phase unbalance is tested using a three-phase 
power analyzer méter. A three-phase power ana- 
lyzer meter is connected to a circuit so that the 
voltage and current on each of the three power 
lines are simultaneously monitored and compared. 
To measure voltage and current, a power analyzer 
meter is set to a screen or function setting that 
displays the three-phase sine waves and the phase 
relationship of each phase. See Figure 4-10. 
Before taking any phase balance measurements 
using a power analyzer meter, ensure the meter 
is designed to take measurements on the circuit 
being tested. Refer to the operating manual of 
the test instrument for all measuring precautions, 
limitations, and procedures. Always wear required 
personal protective equipment and follow all 
safety rules when taking the measurement. To test 
the phase balance (or unbalance) on three-phase 
power lines, apply the following procedures: 


Ө Set the power analyzer meter to the screen or 
function setting with which phase sequence 
measurements are taken. 


Connect the test leads of the power analyzer 
meter to the meter jacks as required. 


O Connect the power analyzer voltage test leads 
to phase A (L1, R), phase B (L2, S), and phase 
C (L3, T) as indicated by the meter. 


Ө Connect the power analyzer clamp-on ammeter 
lead(s) to phase A (L1, R), phase B (L2, S), and 
phase C (L3, T) as indicated by the meter. 


Ө Read the graphic display and information pro- 
vided on the power analyzer meter display. If 
the meter is not displaying information on all 
three power lines, one or more of the power 
lines is not powered and/or the meter leads are 
not connected correctly. Verify that the test 
leads are properly connected. When the test 
leads are properly connected, test the power 
lines for voltage. To test the voltage on the 
three power lines, use a standard voltmeter, or 
the power analyzer can be used as a voltmeter 
by changing the function of the meter (not the 
meter connections). 
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Q When the power lines are more than 3% out of phase, there is a problem. Voltage unbalance can only be 
eliminated by balancing the loads on the power lines. To balance the power lines, take current measure- 
ments on all the single-phase power lines (use clamp-on ammeter). When one or two power lines are 
overloaded, remove the load from the overloaded line and place the load on a line that is not overloaded. 
After balancing the loads, re-test the phases for proper phase balance. 


Ө Remove the power analyzer meter from the circuit. 


THREE-PHASE POWER ANALYZER MEASUREMENT PROCEDURES 
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Figure 4-10. Power analyzers are connected to circuits so that voltage and current on each of the three phase lines are 


measured simultaneously and compared to check for phase unbalance. 
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Voltage Unbalance 


Voltage unbalance (imbalance) is the unbalance 
that occurs when voltages at the terminals of a 
motor or other three-phase load are not equal. 
Voltage unbalance causes motor windings to 
overheat, resulting in thermal deterioration of 
the windings. When a 3$ motor fails due to volt- 
age unbalance, one or two of the stator windings 
become blackened. The darkest stator winding is 
the winding with the largest voltage unbalance. 
Voltage unbalance creates current unbalance. 
Typically, for every 1% of voltage unbalance, cur- 
rent unbalance is 4% to 8%. See Figure 4-11. 
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Figure 4-11. When examining blackened motor stator 
windings, the darkest winding is the winding with the largest 
voltage unbalance. 


Technical Tip 


When unbalanced voltages are detected, a blown fuse may be 
the cause. Often, a service or feeder fuse opens and goes un- 
detected with the exception of a slight unbalance of line-to- 
line voltage. Voltage unbalance is a common occurrence on 
installations such as wastewater treatment plants, industrial 
manufacturing facilities, and warehouses where large pump, 
vacuum, and blower motors operate continuously. 


Voltage unbalance of the three power lines 
must be tested during all service calls and dur- 
ing preventive maintenance. Typically, voltage 
unbalance must not be more than 1%. Whenever 
there is a 2% or greater voltage unbalance, the 
following steps must be taken: 

1. Test the surrounding power system for exces- 
sive loads connected to one of the phases. Use 
a power analyzer meter to measure true power, 
apparent power, reactive power, power factor, 
and displacement power factor of the circuit. 
All transformers have a voltamp (VA) power 
rating. Circuits on transformers that are over- 
loaded are a source of problems for loads. 

2. Adjust the load on a motor by reducing the 
load or adjust the rating of the motor by 
oversizing the motor when voltage unbalance 
cannot be corrected. 

3. Notify the utility company when voltage un- 
balance appears at the main service entrance. 
Testing for voltage unbalance at the main 
service entrance with loads ON and with loads 
OFF can isolate utility problems from outside 
or within a facility. When voltage unbalance 
improves as loads are removed, the problem 
is inside the facility, but do not eliminate an 
undersized utility transformer or feed conduc- 
tor as the problem (have the utility company 
check transformers and feed conductors). 


Voltage Unbalance Measurement 
Procedures 


The primary source of voltage unbalance that is 
less than 2% is single-phase loads on a three-phase 
circuit. See Figure 4-12. A blown fuse can cause 
higher voltage unbalances on one phase of a three- 
phase capacitor bank. Voltage unbalance is found 
by applying the following procedures: 


Ө Measure the voltage between each incoming 
power line. Take measurements from L1 to 
E2 B3 @ L3, ай L2 io 2), 


O Add the voltages. 
O Find the voltage average by dividing by 3. 


Ө Find the voltage deviation by subtracting the 
voltage average from the voltage with the 
largest deviation. 


Ө Find the voltage unbalance by applying the 
following formula: 


u 


V 
У = — x100 

us 
where 

У = voltage unbalance (in 96) 

V = voltage deviation (in V) 
У = voltage average (in V) 
100 = constant 
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Current Unbalance 


Current unbalance (imbalance) is the unbalance 
that occurs when current on each of the three 
power lines of a three-phase power supply to a 
3 motor or to other 30 loads is not equal. Cur- 
rent unbalances or even high current unbalances 
can be created by small voltage unbalances. High 
current unbalance results in excessive heat and in 
turn insulation breakdown. A 2% voltage unbal- 
ance typically results in an 8% to 16% current 
unbalance. 

Current unbalances must not exceed 10%. Any 
time current unbalance exceeds 10%, the system 
must be tested for voltage unbalance. Any time 
a voltage unbalance of more than 1% exists, the 
system must be tested for current unbalance. 


DETERMINING VOLTAGE UNBALANCE — POWER QUALITY 
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Current Unbalance Measurement 
Procedures 


Current unbalance is found using the same method 
as finding voltage unbalance, except current mea- 
surements are taken. See Figure 4-13. Current 
unbalance is found by applying the following 
procedures: 


Ө Measure the current on each of the incoming 
power lines. Take current measurements of 
L1, L2, and L3. 


Ө Add the currents. 


O Find the current average by dividing the sum 
by 3. 


Q Find the current deviation by subtracting the 
current average from the current with the 
largest deviation. 


Q To find current unbalance, apply the following 
formula: 


= 14 x100 
m 
where 
I = current unbalance (in 96) 
1 = current deviation (in A) 
I = current average (in A) 
100 = constant 
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Single Phasing 

Single phasing is the operation of a three-phase 
load on two phases due to one phase being lost. 
For example, single phasing occurs when one 
of the three-phase lines to a 3 motor (T1, T2, 
or T3) does not deliver voltage to the motor. 
Single phasing is the maximum condition of 
voltage unbalance. See Figure 4-14. 

Single phasing occurs when one phase opens 
on either the primary or secondary power distri- 
bution system. Common causes of single phasing 
include blown fuses, mechanical failure within 
switching equipment, or a lightning strike on one 
of the power lines. Single phasing can go unde- 
tected on systems because 3$ motors continue 
to operate on two phases in most applications. 
A motor will not start on two phases, but will 
continue operating if a phase is lost when the 
motor is already operating. When a motor is not 
properly protected, single phasing will cause a 
motor to burn out because the motor draws all 
required current from the two remaining pow- 
ered lines. 

Measuring voltage at a motor does not al- 
ways detect a single phasing condition because 
the open winding in the motor generates a volt- 
age that is almost equal to the phase voltage that 
is lost. The open winding of the motor acts as 
the secondary side of a transformer, and the two 
windings that are still connected to the power 
source act as the primary side of a transformer. 
To test for a motor or load that is single phas- 
ing, both voltage and current measurements 
must be taken. 


Single Phasing Measurement Procedures 


Chapter 4— Power Quality Test Instruments 


SINGLE PHASING MOTOR DAMAGE 


dO ND" 
STARTING PHASE 
2 LOSS 


ONE SEVERELY 
BLACKENED 
WINDING 


Electrical Apparatus 
Service Association, Inc. 


Figure 4-14. Single phasing occurs when one phase of a 
3 motor supply does not deliver voltage to the motor. 


Troubleshooting Tip | 
POWER QUALITY METERS 


Power quality meters measure and display active 
power (W), apparent power (VA), reactive power 
(VAR), power factor (PF), displacement power factor 
(DPF), and frequency. 


Single phasing measurements are best performed when a motor is running. An operating motor allows voltage 
and current measurements to be taken and checked against motor nameplate ratings. A motor that is operating 
within nameplate ratings is not required to be shut down unless there is some other obvious problem (noise, 


vibration, or overheating). See Figure 4-15. 
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Figure 4-15. Operating motors allow voltage and current measurements to be taken and checked against motor nameplate 


ratings for single phasing. 


Before taking any phase voltage and current measurements using a digital multimeter, ensure the meter is 
designed to take measurements on the circuit being tested. Refer to the operating manual of the test instru- 
ment for all measuring precautions, limitations, and procedures. Always wear required personal protective 
equipment and follow all safety rules when taking the measurement. Single phasing is found by applying the 
following procedures: 


Ө Set the function switch of the meter to AC voltage. 
O Connect the voltage test leads to the circuit being tested. 
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© Measure the voltage between each incoming power line (L1, L2, and L3) and/or motor terminal (T1, T2, 

and T3), depending upon what part of the circuit is being tested. Take measurements from L1 to L2, L1 to 
L3, and L2 to L3. When the measured voltages are within 1%, there is no problem. When the measured 
voltage is within 2% to 5%, there is a voltage unbalance problem. When the measured voltage is greater 
than 5%, there is probably a single phasing problem. A single phasing problem on a 230 V system with 
L2 lost will show readings as follows: 

LI to L2 = approximately 190 V 

L2 to L3 = approximately 190 V 

ЕЕ = 20 Y 
The two power lines (L1 and L3) that have the normal voltage readings are the good lines. The ability to determine 
a single phase condition by using voltage measurements is helpful when a current meter is not available. 


4) Repeat voltage measurements for motor conductors. 
ТІ to T2 = approximately 190 V 
T2 to T3 = approximately 190 V 
TI to T3 = 230 V 


Ө Set function switch of the meter to AC current. 


Q Measure the current at each incoming power line (L1, L2, and L3). The three phases of current supplying 
power to a motor must be within 10% of each other and within the nameplate current rating of the motor. 
When a motor is single phasing, the current on two of the lines will be high and the current on the third line 
will be zero. The two lines with the higher current are the good lines and the current is higher because the 
two good lines have to carry all the working current of the motor. The line with no current is the open line. 


Q Repeat current measurements for motor conductors (T1, T2, and T3). 


© Whena single-phase condition is detected, turn the load OFF and test for a blown fuse, open switch, burned 
contact, or lost connection. 


© Remove the ammeter from the circuit. 


LOAD TYPES 


Many types of loads are connected to electrical 
circuits. A /оаа is any electrical device that con- 
verts electrical energy into some other form of 
energy, such as light, heat, sound, or mechanical. 
Mechanical energy is movement by linear motion 
(produced by solenoids) or rotary motion (pro- 
duced by motors). There are two basic types of 
electrical loads, linear loads and nonlinear loads. 
Linear loads have been around since the first elec- 
trical circuits were used. Nonlinear loads started 
to become popular in the 1980s and have grown in 
numbers and percentage of total loads ever since. 
Nonlinear loads cause power quality problems 


because nonlinear loads produce harmonics. Dranetz-BMI 
Linear loads such as incandescent lamps and heating elements produce 


sinusoidal waveforms. 
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Electrical problems caused by linear loads are typically found by testing a circuit with standard voltmeters 
and ammeters. Electrical problems caused by nonlinear loads often require power analyzers to determine the 
exact electrical problem. Power analyzers display voltage and current waveforms in addition to measuring 
voltage, current, power, harmonics, and other circuit characteristics. 


Linear Loads 

A linear load is any load in which current increases proportionately as voltage increases and current decreases 
proportionately as voltage decreases. In an AC circuit that includes a linear load, voltage and current are both 
sinusoidal even when both are out of phase. A sinusoidal waveform is a waveform that is consistent with a pure 
sine wave. Pure resistance, inductance, and capacitance loads, such as incandescent lamps, heating elements, 
motors, alarms (bells and horns), solenoids, and relay coils are linear. Linear loads cause problems to a power 
distribution system when shorted out, when oversized for the power distribution system, or when they are 
not operating properly. Linear loads do not cause problems like harmonic distortion to a power distribution 
system. See Figure 4-16. 
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Figure 4-16. Linear loads have current increasing proportionally as voltage increases, and current decreasing proportion- 
ally as voltage decreases. 
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д | Technical Tip | Тір 
Nonlinear Loads — 


Nonsinusoidal waveforms are current and voltage variations 


A nonlinear load is any load in which the instan- that vary with time but not sinusoidally. Nonlinear devices 
taneous load current is not proportional to the such as PLCs, personal computers, electric motor drives, 
instantaneous voltage. Voltage and current are not halide lighting, and transistors usually cause these variations. 
proportional because nonlinear loads draw current Circuits with nonsinusoidal waveforms are analyzed by break- 


ing the waveform into a series of sinusoidal waves of different 
frequencies known as a Fourier series. Each frequency circuit 
is then analyzed by typical AC circuit techniques and the 
results are combined to give the total response. 


in short pulses, even when the source voltage is a 
pure sine wave. See Figure 4-17. 
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There are both single-phase nonlinear loads and 
three-phase nonlinear loads. Single-phase nonlinear 
loads include personal computers, copiers, print- 
ers, televisions, VCRs, electronic lighting ballasts, 
energy-efficient lamps, electric welding equipment, 
most medical equipment, and programmable logic 
controllers (PLCs). Three-phase nonlinear loads 
include solid-state electric motor drives and unin- 
terruptible power supplies (UPSs). All nonlinear 
loads affect the power distribution system because 


When troubleshooting nonlinear loads, electri- 
cians must always use test instruments marked 
“TRUE RMS.” True RMS test instruments can 
measure nonsinusoidal waveforms (distorted sine 
waves) produced by nonlinear loads. 


WARNING A 


y ¢ 
| Never use the current probes of a power quality analyzer on 


circuits rated higher than 600 V in overvoltage according to 
Category IIl (CATIII) of EN/ICEC61010-1. 


nonlinear loads produce harmonics on the three 
three-phase power lines. Harmonics cause problems 


such as neutral conductor overheating, transformer 
overloading, and equipment failure. 

The problem created by single-phase nonlin- 
ear loads is in the power supply used to convert 
AC voltage into DC voltage. The first section of 
a single-phase power supply is typically a com- 
bination of a diode bridge (used to change AC 
voltage into DC voltage) and capacitors (used to 
smooth out and store the rectified DC voltage). 
Any nonlinear load, such as a computer, draws 
power from the power-supply capacitors. As the 
load draws power, the charged capacitors start to 
decrease in charge. To stay charged, capacitors 
draw power only from the peak of the voltage sine 
wave. Drawing power only at the peaks creates 
gaps, leaving the current to be drawn in pulses. 
Because the current is drawn in pulses, the current 
waveform is no longer sinusoidal. 
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GRAPHIC DISPLAYS 


In addition to measuring and reading electrical 
properties (voltage and current) with basic test 
instruments, electrical properties are also measured 
and displayed using meters with graphic displays 
such as oscilloscopes and power analyzers. An 
oscilloscope is an instrument that graphically 
displays an instantaneous voltage (trace). An oscil- 
loscope is used to display the shape of a voltage 
waveform when bench testing electronic circuits. 
Bench testing is testing performed when equipment 
being tested is brought to a designated service 
area. Meters with graphic displays are typically a 
combination oscilloscope and multimeter (voltage/ 
current/resistance). Graphic display meters are 
designed for use as portable test instruments or 
as recording meters that are connected and left 
in place so electrical values can be recorded over 
time. See Figure 4-18. 

A graphic display screen contains horizontal 
and vertical axes. The horizontal (x) axis represents 
time. The vertical (y) axis represents amplitude 
of the measured waveform (voltage or current). 
Values on the two axes from the voltage or current 
measurements form the waveform displayed. 

To properly view the waveform, the amplitude 
(vertical axis) and the number of cycles (horizontal 
axis) must be adjusted. Depending on the meter, 
amplitude and number of cycles can be adjusted 
by the user or automatically adjusted. In addi- 
tion to displaying electrical property waveforms, 
graphic display meters typically display numerical 


Bird Technologies Group 
Graphic display meters provide real-time information (graphic and numerical) data also. 
on the operation of power distribution systems. 
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GRAPHIC DISPLAY METERS 
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Figure 4-18. Graphic display meters include meters such as oscilloscopes, power analyzers, and three-phase record- 
ing analyzers. 


After analyzing the shape and numerical data of a waveform, the value (RMS voltage, maximum voltage, mini- 
mum voltage) and condition (sinusoidal or distorted) of the power being tested can be determined. The shape of 
the waveform and measured values are often used to obtain more valuable troubleshooting data than just a standard 
voltage and/or current measurement. For example, the measurement of a voltage tester captures a value only at a 
particular moment. A voltmeter with a MIN MAX recording mode captures high and low measured values, but 
depending on the manufacturer, can or cannot indicate when a high or low value was captured or the number of 
values captured. Power analyzer meters capture and record waveform and measurement values over long periods of 
time (minutes, hours, or days). The ability to store data over time allows detection and analysis of power problems 
within a system. The measurements and displays can be reviewed and printed out as necessary. See Figure 4-19. 
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Figure 4-19. When troubleshooting a motor power quality problem, data from various electrical measurements must be 
analyzed. 
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AC Voltage Measurement Procedures (Graphic Display) 


A meter with a graphic display of circuit voltage provides more usable information than numerical values from 
a voltmeter. Any additional information an electrician can acquire 15 especially important when troubleshooting 
problems such as voltage sags, voltage swells, transients, or other voltage-related problems. A graphic display 
meter such as a power analyzer meter improves troubleshooting accuracy and efficiency. Graphic display 
meter voltage measurement procedures, such as method of connecting test leads, menu usage, and how data 
is displayed on the screen, vary by model and manufacturer. See Figure 4-20. 
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Figure 4-20. Because of differing procedures used by various manufacturers, and variations among models, always refer 
to specific instructions in the user’s manual or directions shown on the display of a meter. 
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Test Instruments 


Before taking any AC voltage measurements 
using a power analyzer meter, ensure the meter 
is designed to take measurements on the circuit 
being tested. Always wear required personal 
protective equipment and follow all safety rules 
when taking the measurement. To measure AC 
voltages with a graphic display meter, apply the 
following procedures: 


Q Tur the graphic display meter ON to display 
the main menu screen. 


O Connect the test leads of the power analyzer 
meter to the meter jacks as required. 


G Select the screen used to measure AC voltage. 
When the meter requires a specific voltage 
range setting, set the meter to a range high 
enough to measure the expected voltage. 
When the voltage measurement level is not 
known, set the meter to the highest range. 


© Connect the voltage test leads to the circuit 
being tested. 


Read the voltage measurement and waveform 
displayed. 


The waveform should be sinusoidal. When 
the waveform is not sinusoidal, additional 
measurements and displays must be made. 


Ө Remove the power analyzer meter from the 
circuit. 
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AC Current Measurement Procedures 
(Graphic Display) 


Graphic display meter current measurement 
procedures, such as method of connecting test 
leads, menu usage, and how data is displayed 
on the screen vary by model and manufacturer. 
Because of the various procedures used, always 
refer to specific instructions in the user’s manual 
or directions shown on the display of the meter. 
See Figure 4-21. 

Before taking any AC voltage and current 
measurements using a three-phase graphic dis- 
play meter, ensure the meter is designed to take 
measurements on the circuit being tested. Always 
wear required personal protective equipment and 
follow all safety rules when taking the measure- 
ment. To measure AC current with a three-phase 
graphic display meter, apply the following pro- 
cedures: 


Q Turn the graphic display meter ON to display 
the main menu screen. 


O Connect the voltage test leads to the meter 
as required. Connect the clamp-on current 
probe accessory to the meter as required. The 
voltmeter leads are not required for measur- 
ing current, but when used, provide voltage 
measurements in waveform for comparison 
with current measurements. 


Select the screen used to measure AC voltage 
and AC current. 


Connect ground test lead. 


Connect the voltage test leads to the circuit 
being tested. 


Connect the clamp-on current probe accessory 
or accessories to the circuit being tested. 


Read the current measurement and waveform 
displayed. 


o © © Go © 


The waveform should be sinusoidal for linear 
loads. When the waveform is not sinusoidal, 
additional measurements and displays must 
be made. 


© Remove the three-phase graphic display meter 


Dranetz-BMI 
Graphic display meters store information that is downloadable or that can 
be viewed at a later time. 


from the circuit. 
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THREE-PHASE GRAPHIC DISPLAY METER — AC CURRENT MEASUREMENT 
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Figure 4-21. Graphic display meters provide additional information compared to numeric displays that is useful when 
troubleshooting. 


TEMPERATURE PROBLEMS 


Heat is produced in all electrical systems. The heat may be deliberate, such as in heating elements and heat 
lamps, or the heat may be the result of electricity flowing through electrical distribution equipment such as 
conductors (wire), transformers, and switching gear. Heat is produced when current flows through a resistance. 
The higher the current, the greater the temperature produced at the resistance. The higher the resistance of 
the conductors or switching gear, the greater the temperature produced. Temperature measurements identify 
problems or potential problems in electrical systems by identifying the heat produced by undersized conduc- 
tors, switching gear, and transformers. 


Test Instruments 


Temperature measurements are important be- 
cause power quality problems, such as harmonics, 
produce extra heat in electrical systems even when 
current flow is within acceptable limits. Harmonics 
in an electrical system produce additional heat in all 
transformers. Due to the heat created by harmonics, 
transformers have K ratings. K-rated transformers 
have larger neutral conductors and special windings 
to reduce efficiency losses caused by harmonics. 
K ratings such as K-4 or K-13 are listed on trans- 
formers and represent the ability of transformers to 
operate correctly at higher temperatures produced 
by harmonics. K factor measurements are typically 
taken using power analyzer meters. As the amount 
of harmonics increases in an electrical system, the 
measured K factor will also increase. 


Temperature measurements are taken using 
contact and noncontact temperature test instru- 
ments. When testing for power quality problems, 
a noncontact temperature test instrument is pre- 
ferred. Noncontact temperature instruments are 
typically of the infrared type or thermal imaging 
type. An infrared meter is a meter that measures 
heat energy by measuring the infrared energy 
emitted by a material and displays the temperature 
as a numerical value. All materials emit infrared 
energy in proportion to the temperature of the 
material. A thermal imaging camera is a meter 
that measures heat energy by measuring the in- 
frared energy emitted by a material and displays 
the temperature as a color-coded thermal picture. 
See Figure 4-22. 
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Figure 4-22. Noncontact temperature meters measure heat energy by measuring the infrared energy emitted by a material, 
and display the temperature as a numerical value. 
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Infrared Meters 


Infrared meters are able to take temperature measurements without touching an object but can only measure 
the surface temperature of a small area at one time. Infrared meters are also less expensive than thermal] im- 
aging cameras. Thermal imaging cameras are able to measure the temperature of large areas and are great 
troubleshooting and preventive maintenance test instruments. 

Infrared meters are able to detect small amounts of heat variances in electrical distribution systems and 
loads. A poor electrical connection is a typical problem that causes a small to moderate heat increase. The 
worse the connection, the higher the resistance and the higher the heat created. Loose, corroded, or dirty 
electrical connections generate unwanted resistance and heat. The temperature rise at a connection depends 
on the current flowing through the connection and the resistance of the connection. A temperature rise above 
ambient temperature is expected on all electrical equipment carrying current, but the higher the temperature, 
the greater the possibility of equipment failure or the system overloading. 

Maintenance must be performed when electrical equipment is operating at higher than normal temperatures 
to avoid equipment failure. Temperature rises of 50°F (28°C) must be investigated. Temperature rises of 100°F 
(56°C) or more require immediate action (immediate shutdown of system and repair of fault). 


Infrared Temperature Meter 
Measurement Procedures 


Most of the resistance in a normal circuit occurs 
at the load. Resistance in a circuit that has poor 
connections, corrosion, or other high resistance 
paths has resistance that occurs at points other 
than at the load. Infrared temperature meter mea- 
surements prevent problems by locating areas of 
unwanted heat before the heat causes component 
failure. See Figure 4-23. 

To measure temperature using an infrared 
meter, apply the following procedures: 


Ө Aim the infrared temperature meter at the area 
being measured. The meter is focused based 
on the distance between the object and the 
meter. 


Ө Take an ambient temperature reading for 


еде. Temperature instruments may be explosionproof, waterproof, or designed 
© Take temperature readings of any areas sus- for specific applications. 

pected to have temperatures above ambient 

temperature. 
O Тт meer OFF To determine temperature readings in such 


areas, subtract the ambient temperature reading 
from the reading obtained on the infrared tem- 
perature meter. The difference in temperature 
is the amount of heat produced by the electrical 
component, circuit, or equipment being tested. 


Technical Tip 


Temperature measurements are used to indicate a problem or 
severity of a problem. 


Test Instruments 


INFRARED TEMPERATURE METER — MEASUREMENT PROCEDURES 
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Figure 4-23. Infrared meter temperature measurements prevent problems by locating unwanted heat in electrical equipment 
before the heat causes failure. 


POWER INTERRUPTIONS 


All electrical and electronic equipment 15 rated for operation at a specific voltage. The rated voltage is accepted 
as a voltage range. The typical range was +10%, but when components of an electrical system are derated to 
save energy and operating cost, the typical range is +5% to —10%. The +5% to -10% range is used because 
overvoltages are more damaging to loads than undervoltages. Equipment manufacturers, utility companies, 
and regulating agencies must routinely deal with changes in system voltage. Power interruptions are classified 
into standard industry categories. See Figure 4-24. 


Momentary Power Interruptions 


A momentary power interruption is a decrease to 0 V on one or more power lines lasting from 0.5 cycles up 
to 3 sec. All power distribution systems encounter momentary power interruptions during normal operation. 
Momentary power interruptions are caused when lightning strikes (strikes nearby), by utility grid switch- 
ing during a problem (short on one line), or during open circuit transition switching. Open circuit transition 
switching is a process in which power is momentarily disconnected when switching a circuit from one voltage 
supply or level to another voltage supply or level. 


Chapter 4— Power Quality Test Instruments 
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Figure 4-24. Power interruptions to an electrical system can be momentary, temporary, or sustained. 
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Temporary Power Interruptions 


A temporary power interruption is a decrease to 
0 V on one or more power lines lasting for more 
than 3 sec up to 1 min. Automatic circuit break- 
ers and other circuit protection equipment protect 
power distribution systems by removing faults. 
An automatic circuit breaker typically requires 
20 cycles to about 5 sec to restore power after 
a temporary interruption. A temporary power 
interruption can also be caused by a gap in time 
between a power interruption and when a back-up 
power supply (generator) takes over, or if some- 
one accidentally opens a circuit by switching the 
wrong circuit breaker or switch gear. When power 
is not restored, a temporary power interruption 
becomes a sustained power interruption. 


Sustained Power Interruptions 


A sustained power interruption is a decrease in 
voltage to ОУ on all power lines for a period of 
more than 1 min. Even the best power distribution 
systems have a complete loss of power at some 
time. Sustained power interruptions (outages) are 
commonly the result of storms or circuit breakers 
tripping due to damaged equipment. 


Power Quality Meter Characteristics 
Several different test instruments are used to de- 
tect power interruptions. The specific test instru- 
ment used depends upon the application, required 
results, and cost considerations. A voltage tester 
can be used to test for loss of power at any time. 
Voltmeters with MIN MAX recording functions 
are used to record power interruptions over time, 
but cannot indicate when or for how long an inter- 
ruption took place. Recording meters are used to 
show exactly when power was interrupted and for 
what length of time. See Figure 4-25. 


Power Interruption Measurement 
Applications 


As utility companies are bought and sold, parts 
of the distribution system are subcontracted out 
to private companies, leaving greater demand 
on older, undersized systems and equipment. 
Utility companies typically charge penalties for 
poor building, facility, or plant power factors. 
Analyzing the reasons for power interruptions 
and poor power factors using test instruments is 
an economical way for both the supplier (utility 
company) and user (customer) to document what 
is causing the poor power factor or what caused 
a power interruption. 


Test Instruments 


POWER QUALITY METER CHARACTERISTICS 
Test Instrument Used to А 
Voltage Tester 1. Inexpensive and usually available 1. Cannot record measurements over time 


Voltmeter with MIN MAX 1. Can record circuit minimum and 1. Cannot tell when a power interruption 
Recording Mode maximum voltages over time occurred or for how long 
2. Can display a minimum and maximum 
voltage that was recorded 


Portable (Handheld) 
Power Analyzer Meter 


1. Basic power analyzers cost several times 
more than voltmeters with MIN MAX 
recording, advanced feature meters cost 

10 times more 


. Can be carried like a standard handheld 
meter and record circuit conditions 

over time with numerical and graphical 
displays and download software 


. Made of less rugged design than other 
meters due to permanent mounting 

2. Because of single function, several are 
required if various circuit properties 

are to be measured 


Recording and Logging Meter | 1. Can be permanently mounted to panels 
along a system 
2. Designed for single function by 
measuring just voltage, current, watts, 


harmonics, or transients (less expensive) 


Figure 4-25. Power quality meters may be portable (handheld) or permanently mounted; may be inexpensive or cost thou- 
sands of dollars; and may or may not be able to take measurements over time. 
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Power Interruption Measurement Procedures 


Power interruptions can be a problem for a section of a power distribution system inside a facility or for indi- 
vidual branch circuits. To test for loose connections or the tripping of automatic overloads, a voltmeter with 
a MIN MAX recording function is used. Tripping of automatic overloads is a problem when the overloads 
automatically reset. During the time of the overload trip a power interruption occurs, but after the overloads 
automatically reset, the short power interruption may not be seen as a problem. To test and record power inter- 
ruptions over time, use a power analyzer meter with recording function. See Figure 4-26. 

Before taking any power interruption measurements using a digital multimeter and power analyzer meter, 
ensure the meters are designed to take measurements on the system being tested. Refer to the operating manual 
of the test instrument for all measuring precautions, limitations, and procedures. Always wear required personal 
protective equipment and follow all safety rules when taking the measurement. To test for power interruptions, 
apply the following procedures: 


Connect the test leads of the voltmeter and power analyzer meter to the meter jacks as required. 
Set the voltmeter to the MIN MAX recording mode, and the power analyzer meter to voltage recording mode. 
Connect the voltage test leads of the meters to the system being tested. 


Allow meters to record voltage measurements as loads are switched ON and OFF. Check for loose con- 
nections by wiggling equipment and/or conductors. 


Read and record any findings of measured (recorded) power interruptions. 
Take additional voltage and/or current measurements to establish the location of the fault in the system. 
Correct all faults in the system. 


Retest the system after repairs are completed. 


овоо ooce 


Remove voltmeter and power analyzer meter from the system. 
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DETECTING POWER INTERRUPTION — MEASUREMENT PROCEDURES 
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Figure 4-26. Power interruption problems cause problems on individual branch circuits and/or within larger sections of a 
power distribution system. 
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VOLTAGE CHANGES 


Typically, the voltage in a power distribution system is within the acceptable range of +5% to —10%. But at 
times, voltage changes are caused by storms and electrical faults that raise or,lower voltage enough to cause 
circuit and load problems. Voltage changes, such as voltage sags and swells, undervoltages, and overvoltages, 
are difficult to detect because voltage changes tend to come and go. For example, an overloaded circuit, 
transformer, or system may encounter an undervoltage problem (computers resetting, relays and motor start- 
ers dropping out) when loads are ON, but the voltage returns to normal levels when the loads are OFF. See 
Figure 4-27. 
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Figure 4-27. Voltage changes, such as voltage sags and swells, undervoltage, and overvoltage, are difficult to detect 
because voltage changes tend to come and go. 


Voltage Fluctuations 

A voltage fluctuation is an increase or decrease in 
the normal line voltage within the range of +5% 
to —10%. In the U.S. power distribution system, 
frequency (60 Hz) is constant and voltage is held 
within the normal range of +5% to —1096, while 
current constantly changes as loads are added 
and removed. Voltage fluctuations are commonly 
caused by overloaded transformers, unbalanced 
transformer loading, and/or high impedance caused 
by long circuit runs, undersized conductors, poor 
electrical connections, and/or loose connections in 
the system. Small voltage fluctuations typically do 
not affect equipment performance. 


Voltage Sags 

A voltage sag is a voltage drop of more than 1096 
(but not to 0 V) below the normal rated line volt- 
age that lasts from 0.5 cycles up to 1 min. Voltage 
sags commonly occur when high-current loads are 
turned ON and the voltage on the power line drops 
below the normal voltage fluctuation (-10%) for a 
short period of time. Voltage sags commonly oc- 
cur when large motors are switched ON or when 
temporary short circuits occur on utility power 
lines. When short circuits cause a breaker to open, 
a power interruption occurs. Voltage sags are often 
followed by voltage swells as voltage regulators 
overcompensate during a voltage sag. 

Voltage varies within a circuit, and may be con- 
sistently, temporarily, or momentarily too high ortoo 
low. For example, voltage may be consistently too 
high if a circuit is near the source of a power distribu- 
tion system. Voltage may be consistently too low if a 
circuit is near the end of a power distribution system, 
due to conductors being undersized, branch circuit 
runs being too long, large loads being turned ON, 
or the power supply transformer being undersized. 
Voltage may also be temporarily too low during 
certain time periods of a day (brownouts). 

Every electrical or electronic load has a low 
voltage limit and a high voltage limit between 
which the load is designed to operate properly. 
Typically, most devices are listed for a given volt- 
age with a voltage variation limit stated as plus or 
minus a percentage. When voltage dips below the 
lower voltage limit, electrical and electronic com- 
ponents are damaged, resulting in loss of memory, 
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Voltmeters with a MIN MAX recording mode 
are used to measure voltage swells and voltage 
sags. To yield usable information about voltage 
changes, voltage measurements must be taken 
and recorded over time. Voltmeters with a MIN 
MAX recording mode are able to capture and 
display low-voltage (minimum voltage) condi- 
tions. However, measurements displayed from 
voltmeters with a MIN MAX recording mode 
do not indicate when or how long a low-voltage 
condition existed. Typically, a power analyzer 
meter with recording mode is the best meter to 
use for detecting voltage problems. 

To acquire the most accurate voltage measure- 
ments, voltage must be measured and recorded at 
various times ofthe day and at various places within 
the facility. Measurements must also be routinely 
taken as part of a preventive maintenance program. 
When voltage fluctuations are found to be more 
than +8%, a voltage regulator (stabilizer) must be 
added to the system. A voltage regulator (stabilizer) 
is a device that provides precise voltage control to 
protect equipment from voltage sags (voltage dips) 
and voltage swells (voltage surges). 


Voltage Swells 


A voltage swell is a voltage increase of more than 
10% above the normal rated line voltage lasting 
from 0.5 cycles up to 1 min. Voltage swells com- 
monly occur when large loads are turned OFF and 
voltage on the power line increases above the nor- 
mal voltage fluctuation (4- 1096) for a short period 
of time. For example, a voltage swell commonly 
occurs in office areas of a plant when production 
lines with large loads are shut down. 

Voltage swells are not as common as voltage 
sags. However, voltage swells are more destruc- 
tive than voltage sags because voltage swells 
damage electrical equipment in very short periods 
of time. Even a very short high-voltage condition 
(voltage swell) causes permanent equipment or 
component damage. 


Technical Tip 


Voltage fluctuations are most common during summer months 
when air conditioning units iucrease the demand for power. 


data loss, and/or equipment malfunction. 


Test Instruments 


onditions. 


As with voltage sags, voltmeters with a MIN MAX recording mode are used to measure voltage swells 
because voltage must be measured over time to acquire the proper data. To acquire the most accurate volt- 
age measurements, voltage must be measured and recorded at various times of the day and at various places 


within the facility. 


Undervoltage 


Undervoltage is a drop in voltage of more than 
1096 (but not to 0 V) below the normal rated line 
voltage for a period of time longer than 1 min. 
When voltage on the power lines drops below 
the normal voltage fluctuation (-10%) for long 
periods of time, an undervoltage condition exists. 
Undervoltage (low voltage) is more common than 
overvoltage (high voltage) on power distribution 
systems. Undervoltages are commonly caused 
by overloaded transformers, undersized conduc- 
tors, conductor runs that are too long, too many 
loads on a circuit, or peak power usage periods 
(brownouts)..A brownout is the reduction of the 
voltage level by a power company to conserve 
power during times of peak usage or excessive 
loading of the power distribution system. 


12/22/04 02:08m 100% 
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AEMC? Instruments 
Jand-held oscilloscopes and power quality meters are used to visually 
?dicate voltage fluctuations, voltage surges, undervoltages, and overvoltage 


Overvoltage 


Overvoltage is an increase of voltage of more 
than 1096 above the normal rated line voltage for 
a period of time longer than | min. Depending 
on the cause of an overvoltage condition, volt- 
age increases above the normal voltage fluctua- 
tion of +5% can occur for long periods of time. 
Overvoltages are caused when loads are near the 
beginning of a power distribution system, or when 
taps on a transformer are not wired correctly. A 
tap is one of many connection points along a 
transformer coil that are commonly provided at 
2.5% increments. 


Voltage Change Measurement 
Meters 


The meters typically used to measure for power 
interruptions are also used to measure voltage 
variations. The best test instrument to use depends 
upon the application, the required results, and cost 
considerations. A voltage tester is used to test for 
high or low voltage conditions. A voltmeter with 
a MIN MAX recording function is used to record 
voltage variations over time, but cannot indicate 
how long or when a voltage change occurred. 
Recording meters are used to indicate exactly 
when a voltage variation took place and for what 
period of time. 

Some recording meters are relatively simple 
and provide basic circuit data, while other record- 
ing meters can download their data to a desktop 
computer or laptop for more detailed circuit 
analysis. Basic power circuit testers record data 
and display data with lights for any low voltage or 
high voltage conditions. Power circuit testers with 
download capabilities record circuit changes and 
display the changes after the data is downloaded 
to a computer. See Figure 4-28. 
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Figure 4-28. Recording meters are used to show exactly when voltage changes took place and for what period of time. 


Power circuit testers can be connected to circuits for hours, days, weeks, or even months. When a problem 
does occur, power analyzers are checked for related data. A quick check of a power circuit tester connected to 
a system can determine whether a problem was in a facility or with the incoming power lines. 


AC Voltage Measurement 
Procedures 

Unlike power interruptions, voltage variations are 
a common part of all electrical systems. As loads 
are added and removed from a system, voltage 
varies in the system. As long as voltage varia- 
tions remain in the acceptable range, no damage 
occurs to electrical equipment. However, when a 
circuit problem might be related to a low or high 
voltage condition, tests must be made for voltage 
variations. See Figure 4-29. 


AEMC® Instruments 
Recorders and handheld meters with recording functions are connected to 
circuits to capture low and high voltage conditions. 
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AC VOLTAGE MEASUREMENT PROCEDURES 
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Figure 4-29. Voltage variations are a common part of all electrical circuits, and typically occur when loads are added to 


or removed from the system. 


Before taking any voltage variation measure- 
ments using a digital multimeter and power 
analyzer meter, ensure the meters are designed 
to take measurements on the circuit being tested. 
Refer to the operating manual of the test instru- 
ment for all measuring precautions, limitations, 
and procedures. Always wear required personal 
protective equipment and follow all safety rules 
when taking the measurement. To test for voltage 
variations, apply the following procedures: 


Ө Connect the test leads of the voltmeter and power 
analyzer meter to the meter jacks as required. 


O Connect the voltage test leads of both meters 
to the circuit being tested. 


© Set the voltmeter to the MIN MAX recording 
mode, and the power analyzer to the voltage 
recording mode. 


Q Allow the meters to record voltage measure- 
ments as loads are switched ON and OFF. 
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Try to turn on all loads that may be on during 
peak usage (or run the test during peak usage 
times). Overloaded circuits are the number 
one cause of low voltage conditions. 


Read and record any findings of measured 
(recorded) voltage changes. 


Take additional voltage and current measure- 
ments as required to establish the location of 
the fault. Current measurements can be impor- 
tant because current measurements determine 
how much a circuit is being used (loaded). 


Correct all faults. Balance loads (move some 
loads to less used circuits), adjust transformer 
taps to increase (or decrease) voltage levels, 
or increase transformer size. 


Retest the circuit after repairs are completed. 


Remove the voltmeter and power analyzer 
meter from the circuit. 


TRANSIENTS 


Research by the American Institute of Electri- 
cal Engineers (AIEE), service technicians, and 
equipment manufacturers clearly indicates that 
solid-state circuits and devices do not tolerate 
momentary voltage surges exceeding twice the 
normal operating voltage. Voltage surges are 
produced in all electrical systems from outside 
sources (lightning) and within the system by 
turning OFF loads that include coils (solenoids, 
magnetic motor starters, and motors). The voltage 
surge produced is called a transient voltage. 

A transient voltage (voltage spike) is a tem- 
porary, undesirable voltage in an electrical cir- 
cuit. Transient voltages range from a few volts 
to several thousand volts and last from a few 
microseconds up to a few milliseconds. Oscil- 
latory transient voltages are transient voltages 
commonly caused by turning OFF high inductive 
loads and by switching OFF large utility power 
factor correction capacitors. Utility companies 
improve the power factor on the power lines by 
using power factor correction capacitors. An 
impulse transient voltage is a transient voltage 
commonly caused by a lightning strike that results 
in a short, unwanted voltage being placed on a 
power distribution system. 

Transient voltages are caused by the sudden 
release of stored energy due to lightning strikes, 
unfiltered electrical equipment, contact bounce, 
arcing, and generators being switched ON and 
OFF. Transient voltages are produced from stored 
energy contained within a system. The size and 
duration of transient voltages depends on the 
value of inductance (L) and capacitance (C) of a 
system. Transient voltages range from a few volts 
to several thousand volts and occur at any point on 
the AC sine wave. Transient voltages on a 120 V 
power line reach several thousand volts or more. 
One high-voltage transient is all that is required 
to damage circuits or electrical equipment. 
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Transient voltages differ from voltage swells 
and voltage sags by being larger in magnitude and 
shorter in duration, having a steep (short) rise time, 
and being erratic. Lightning is the most common 
source of transient voltages on utility power distribu- 
tion systems. Lightning induces a surge that travels 
in two directions from the point of contact. In most 
cases, the transient voltage is dissipated by the utility 
company grounding and protection systems after 
the lightning has traveled 10 to 20 utility poles (or 
grounding/protection points). Damage to equipment 
is unlikely when equipment is located further than 20 
grounding poles from the lightning strike. However, 
unprotected equipment is severely damaged when 
lightning strikes close to equipment that is in use, 
or when the system is not properly protected. All 
transient voltages are dampened (attenuated) as the 
transient travels through an electrical system. 

High-level transient voltages caused by lightning 
strikes must be considered in all electrical applica- 
tions because lightning may strike at any location. 
Low-level transient voltages are produced on the dis- 
tribution system of a facility when loads are switched 
OFF. Transient voltages are produced continuously 
when using loads such as the following: 

* solid-state power supplies 

* magnetic motor starters 

* fluorescent lighting using electronic ballasts 

* variable speed motor drives 

* DC motor drives 

* solenoids 

* soft-start motor starters 

* electronically controlled welding equipment 

* motors that include brushes (DC and universal) 


Transient Voltage Measurement 
Procedures 


Power analyzer meters are typically used to moni- 
tor transient voltages. The size, duration, and time 
of transient voltages can be displayed at a later 
time when using power analyzer meters. When 
transient voltages are identified as a problem 
within a facility, voltage surge suppressors (surge 
protection devices) must be used. A surge protec- 


Technical Tip 


tion device is a device that limits the intensity of 
voltage surges that occur on the power lines of a 
power distribution system. 


Circuits are protected from transient voltages by permanently 
installed transient voltage surge suppressors (TVSSs). Instal- 
lation and use requirements for TVSSs are defined in Article 
285 of the NEC®. 
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Transient voltage measurements must be taken any time equipment prematurely fails and a transient voltage 
is suspected. Transient voltage measurements are taken to verify that surge protection devices are working. A 
transient voltage measurement is different from a standard voltage measurement because a standard voltage 
measurement displays the RMS voltage value of a circuit, and transient voltage measurements display the 
peak voltage value of a circuit. For example, a standard voltmeter that displays 115 VAC is displaying the 
RMS voltage measurement of the circuit. The peak voltage of a 115 VAC RMS circuit is about 162 V (RMS 
voltage multiplied by 1.414 equals peak voltage). See Figure 4-30. 
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Figure 4-30. Transient voltage measurements must be taken any time equipment prematurely fails and transient voltages 
are suspected. 
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| Technical Tip | Tip 


The total harmonic distortion (THD) at a typical electrical 
wall outlet in the United States is about 3%. 


Before taking any transient voltage measure- 
ments using a power analyzer meter, ensure the 


meter is designed to take measurements on the 
system being tested. Refer to the operating manual 
of the test instrument for all measuring precautions, 
limitations, and procedures. Always wear required 
personal protective equipment and follow all safety 
rules when taking the measurement. To test for tran- 
sient voltages, apply the following procedures: 


© Set the power analyzer meter to transient volt- 
age recording mode. 


O Connect the test leads of the power analyzer 
meter to the meter jacks as required. 


© Connect the power analyzer meter voltage test 
leads to the system being tested. When using à 
power analyzer meter to record transient volt- 
ages, the test leads of the meter must be con- 
nected to the powered system before recording 
starts. The test leads must be connected first 
because a power analyzer meter will be looking 
fora voltage higherthan the setting of the meter 
(50%, 100%, 150%, etc.). When the test leads 
are not connected before the meter starts record- 
ing, the meter will record 50% (or whatever the 
meter is set on? of nothing (0 V). 


Ө Set the transient voltage recording mode to record 
transient voltages at a set level (50%, 100%, 
200%), or above normal voltage. Normal voltage 
is the voltage applied to the test leads before the 
meter is set to start recording transients. When 
a meter is connected to a standard 120 V circuit 
and is set to record transient voltages greater 
than 100%, the meter records any voltage over 
340 V peak (120 V RMS multiplied by 1.414 
equals 170 V peak, and the meter is set at 100%, 
so 170 V multiplied by 2 equals 340 V peak). 


Q Allow the meter to record as loads are switched 
ON and OFF. 


Q Read and record any findings of recorded 
transient voltages. 


@ Correct for system transients by using surge 
suppressors to filter any transient voltages 
from the system. 


© Retest the system after repairs are completed. 


© Remove the power analyzer meter from the 
system. 


HARMONICS 


A harmonic is a frequency that is an integer (whole 
number) multiple (second, third, fourth, fifth, etc.) 
of the fundamental frequency. The fundamental 
frequency on power distribution lines is 60 Hz 
(cycles per second) in North America and changes 
from the positive alternation to the negative al- 
ternation 60 times per second. For example, the 
second harmonic on a 60 Hz power distribution 
line is 120 Hz (60 Hz x 2). The second harmonic 
waveform (120 Hz) completes two cycles during 
one cycle of the fundamental waveform (60 Hz) 
over the same period of time. The third harmonic 
of the fundamental frequency is 180 Hz (60 Hz x 
3). The third harmonic waveform (180 Hz) 
completes three cycles during one cycle of the 
fundamental waveform (60 Hz) over the same 
period of time. 

Electronic circuits such as in energy-efficient 
lamps, variable speed motor drives, electronic 
ballasts used in lighting circuits, personal com- 
puters, printers, and medical test equipment that 
draw current in short pulses create harmonic 
distortion. Harmonics are a problem wherever 
there are a large number of personal computers 
and other nonlinear loads drawing current in short 
pulses. Equipment efficiency is improved when 
electronic equipment or circuits draw current in 
short pulses, but the short pulses cause harmonic 
distortion on the power lines. 

Harmonic distortion is also created when 
diodes are used to rectify AC power and charge 
capacitors with the rectified DC voltage. The recti- 
fied DC voltage is used to charge large capacitors 
that draw current only during the peak of each half 
cycle of the AC sine wave to stay charged. During 
the rest of the sine wave, the capacitor draws no 
current. Harmonics cause “‘flat-topping” of the 
voltage waveform, lowering circuit peak voltage. In 
severe cases of flat-topping or when flat-topping and 
voltage sags occur, computers or other electronic 
equipment will continually reset due to insuf- 
ficient peak voltage to charge capacitors. 
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Harmonics also cause motors to burn out, transformers to fail, circuit breakers to trip (nuisance tripping), 
and neutral conductors and other parts of the power distribution system to overheat. Severe overheating leads 
to electrical fires. When evaluating power quality, the incoming power, types (linear and nonlinear) and number 
of loads, and equipment used in the distribution system must all be tested. 

Harmonic sequence is the phasor rotation with respect to the fundamental frequency (60 Hz). Phasor rotation 
is the order in which waveforms from each phase (phase A, phase B, and phase C) cross zero. Phasor rotation 
is simplified by using lines and arrows instead of waveforms to represent phase relationships. The phase se- 
quence of a harmonic is important because the phase sequence determines the effect the harmonic has on the 
operation of loads and components such as conductors within a power distribution system. See Figure 4-31. 

Positive sequence harmonics (fourth, seventh, tenth, etc.) have the same phase sequence as the fundamental 
harmonic (first), and cause additional heat in conductors, circuit breakers, and panels of a power distribution 
system. Negative sequence harmonics (second, fifth, eighth, etc.) have a phase sequence opposite the phase 
sequence of the fundamental (first) harmonic, which causes a rotating field in the opposite direction in motors. 
Similar to positive sequence harmonics, negative sequence harmonics cause additional heat in power distribu- 
tion system components such as conductors, circuit breakers, and panel boards. Negative sequence harmonics 
also cause problems in induction motors because negative sequence harmonics cause part of the magnetic field 
of a motor to rotate in the reverse direction. The partial reverse rotation of the magnetic field is not enough to 
cause a motor to reverse direction, but the reverse rotation of the magnetic field does reduce forward torque 
of a motor and causes the motor to operate at higher than normal temperatures. 


HARMONIC IDENTIFICATION 
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Figure 4-31. Waveforms include odd harmonics, even harmonics, or both odd and even harmonics, in addition to the 
fundamental frequency. 
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Zero sequence harmonics (third, sixth, ninth, etc.) do not produce a rotating magnetic field in either direction. 
However, zero sequence harmonics do result in electrical equipment and system overheating. Zero sequence 
harmonics do not cancel, but add together in the neutral conductor of three-phase, 4-wire systems. A major 
system problem is created because there is no fuse or circuit breaker in the neutral conductor to limit current 
flow. Higher than normal currents in the neutral conductor are a fire risk. 

Knowledge of the harmonics present on a power line is important when working on any power distribu- 
tion system. A power analyzer meter can be used to measure the amount of voltage harmonics and current 
harmonics on a line. The intensity of each harmonic (second, third, fifth, etc.) present on the line and related 
information is indicated by data and the frequency spectrum on the graphic display of the meter. 

Typically. even-numbered harmonics (second, fourth, sixth, eighth, etc.) tend to disappear or occur at levels that 
do not cause major problems. Likewise, higher harmonics such as 1 6thor 20th have smaller and smaller amplitudes, 
and are less important in affecting the overall operation of a power distribution system. However, odd-numbered 
harmonics are more likely to be present and do cause problems. For example, the third harmonic and odd multiples 
of the third harmonic (third, ninth, 15th, 21st, etc.), triplen harmonics (triplens), cause such problems as overloading 
of neutral conductors, telephone interference, and transformer overheating. See Figure 4-32. 
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Figure 4-32. Zero sequence harmonics (third, sixth, ninth, etc.) do not produce a rotating field in either direction but add 
up on the neutral of a 4-wire system. 
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Total Harmonic Distortion 


Total harmonic distortion (THD) is the amount 
of harmonics on a line compared with the funda- 
mental frequency of 60 Hz. The THD considers 
all of the harmonic frequencies on a line. The 
greater the THD, the more distorted a pure 60 Hz 
sine waveform becomes. When troubleshooting a 
circuit for harmonics, measure the voltage THD 
and the current THD. The voltage THD must not 
be more than 5% and the current THD must not 
exceed 20% of the fundamental frequency. 

Voltage THD is caused by harmonic currents 
on the line produced by nonlinear loads. High 
voltage distortion is a problem because voltage 
distortion becomes a carrier of harmonics to 
linear loads such as motors. Voltage harmon- 
ics cause problems (extra heat) in the power 
distribution system and to the loads connected 
to the system. 

For an accurate measurement of the THD in 
a system, measure the THD at the transformer, 
not at the harmonic-generating load(s). Measur- 
ing for THD at the load(s) provides the highest 
THD reading because THD cancellation has not 
occurred along the system. When THD current is 
taken during full load, the THD is approximately 
equal to the total demand distortion (TDD). Total 
demand distortion (TDD) is the ratio of the cur- 
rent harmonics to the maximum load current. A 
TDD is a measurement taken when monitoring 
the system current harmonics over a period of 
time. A THD measurement is taken when testing 
or troubleshooting a system. The TDD is differ- 
ent from the THD because TDD is referenced to 
the maximum current measurement taken over 
time. The THD is a measurement of current 
on a power line only at the specific time of the 
measurement. 


TOTAL RESISTANCE — SERIES 


Ohm's law states that the total resistance (R) of a 
circuit with series loads is the sum of the resistances of 
all the loads. To calculate total series resistance, apply 
the following formula: 


Harmonic Measurement Procedures 


To test a circuit for harmonics, a power ana- 
lyzer with a harmonic measurement function 
is required. Harmonic measurements are taken 
at the transformer, branch circuit, main power 
panel, or possibly the load. Harmonic distortion 
will be the greatest when measured at individual 
nonlinear loads and will be the least at the main 
panel because linear loads help equal out the total 
harmonics on a line. See Figure 4-33. 

Before taking any harmonic measurements 
using a power analyzer meter, ensure the meter 
is designed to take measurements on the system 
being tested. Refer to the operating manual of 
the test instrument for all measuring precautions, 
limitations, and procedures. Always wear required 
personal protective equipment and follow all safe- 
ty rules when taking the measurement. To measure 
harmonics, apply the following procedures: 


Q Setthe power analyzer to the harmonic measuring 
mode (and recording mode when required). 


O Connect the test leads and current clamp of 
the power analyzer meter to meter jacks as 
required. 


O Connect the voltage test leads and current 
clamp(s) of the meter to the system being 
tested. 


Ө Allow the meter to measure and record har- 
monics as loads are switched ON and OFF. 


® Read and record harmonic findings. 


Q Correct any faults by adding harmonic filters 
to the system. 


@ Retest the system after repairs are completed. 


© Remove the power analyzer meter from the 
system. 


Troubleshooting Tip 


А, = Е, a Ap ч: Fi 


where 


А, = total resistance (in Q) 
R, = resistance 1 (in Q) 


R, = resistance 2 (in О) 


R, = resistance 3 (in О) 
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TOTAL HARMONIC DISTORTION (THD) MEASUREMENT PROCEDURES 
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Figure 4-33. Total harmonic distortion (THD) is the amount of harmonics on a line (L1, L2, or L3) compared with the fun- 
damental frequency (60 Hz). 


POWER FACTOR 


Power factor (PF) is the ratio of true power used 
in an AC circuit to apparent power delivered to the 
circuit. Power factor is commonly expressed as a PES 186.5 x 100 
percentage. True power equals apparent power 


P 
PF = x100 
P 


A 


only when the power factor is 100% or 1. When 
the power factor is less than 100% or 1, the circuit 
is less efficient and has a higher operating cost 
because not all current is performing work. To cal- 
culate power factor, apply the following formula: 


PF = 0.3243 x 100 
PF = 32.43 % 
The lower the power factor, the less efficient the 
circuit and the higher the overall operating cost. 
The overall operating cost is increased because 


PF 2 5 x100 every component in the system, such as transform- 
B ers and conductors, must be sized for the higher 
current caused by a lower power factor. The power 
where 


factor varies depending on types of loads. 
PF = power factor (in %) 


P, = true power (in W) 
P, = apparent power (in VA) 
100 = constant 
For example, the power factor of a small 1ф 
motor is typically very poor. What is the power 
factor of a 1⁄4 HP, 1 motor with 186.5 W of true 


power and 575 VA of apparent power? 
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A common cause of alow power factor in industrial facilities 
is underloaded induction motors. The power factor of motors 
is much lower at partial loads than at full load. When replac- 
ing underloaded motors, the new motors shonld have smaller 
capacity. The factor can also be increased by installing syn- 
chronous motors or static capacitors across the line. 
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A power triangle identifies the relationship of true power, apparent power, reactive power, and power factor 
in a circuit. See Figure 4-34. A power triangle has a line (vector) that represents both magnitude and direction. 
Magnitude is indicated by the line length and direction is indicated by an angle of rotation from 0?. True power 
is represented by the horizontal vector line, apparent power is drawn lagging or leading true power by a line 
at angle theta (0), and reactive power is represented by a vertical line that completes the triangle. 


POWER TRIANGLE 


ANGLE UNITY POWER FACTOR (TRUE POWER 
A EQUALS APPARENT POWER) 


THETA 
APPARENT ANGLE COSINE 
POWER THETA* | ANGLE THETA 
(VA) 


ANGLE 
REACTIVE л ТНЕТА 


PeT (VAR) 
APPARENT 
POWER 
(VA) 


TWE 
РЕ = 7 = СО5 Ө 


LAGGING LEADING 


(INDUCTIVE CIRCUIT) 


98 (0.98) 

90 (0.9) 

87 (0.87) 

70 (0.7) 

50 (0.5) 

25 (0.25) 
0 


P 
1 


(CAPACITIVE CIRCUIT) — тл» 


Figure 4-34. A power triangle is used to show the relationship of true power, apparent power, reactive power, and power 


factor in a circuit. 


Power factor is lagging for inductive loads, 
leading for capacitive loads, and in phase for resis- 
tive loads. As circuit impedance increases, angle 
theta (Ө) also increases, and as circuit impedance 
decreases, angle theta (Ө) also decreases. Angle 
theta is used to find the power factor because the 
cosine of angle theta is equal to the circuit power 
factor. Power factor can be found by applying 
either of the following formulas: 


P. 
PF = — 
A 
or PF =cos Ө 
where 


PF = power factor (in %) 

P, = true power (in W) 

P, = apparent power (in VA) 
cos 0 = cosine of angle theta 


When the power factor is unity (cos Ө is zero), 
true power is equal to apparent power. In most 
AC circuits, power factor is never equal to unity 
(1) because there is always some impedance on 
the power lines. The cos Ө varies between 0 and 
1, and power factor varies between 0 and 1 for 
most circuits. 

A power triangle shows the mathematical rela- 
tionship between the different types of power in a 
system by using basic trigonometry principles. In 
practice, power analyzer meters'are used to take 
voltage and current measurements simultaneously. 
Power analyzer meters show the relationships among 
the different types of power and the power factor by 
displaying circuit measurements graphically. Power 
quality meters display true power (W or kW), ap- 
parent power (VA or KVA), reactive power (VAR or 
KVAR), and power factor (PF) of a circuit. 
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Poor Power Factor 


Power factors of less than | increase the overall cost of operating a power distribution system. The lower the 
power factor, the higher the operating cost. Any time the power factor of a circuit drops to less than 85%, the 
circuit has a poor power factor. A poor power factor causes heat damage to insulation and other circuit com- 
ponents, reducing the amount of useful power available and requiring an increase in the sizes of conductors 
and equipment. 

The lower the power factor, the higher the current required to supply power to the loads. For example, a 
35 KW circuit load requires a 35 КУА transformer if the circuit power factor is 100%. However, if the circuit 
power factor is only 70%, a larger (50 КУА) transformer is required. See Figure 4-35. 
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Figure 4-35. The lower the power factor, the higher the current required to supply the loads. 


Poor power factor can be addressed with the addition of other components to a system. The efficiency 
of a motor is determined by the power out divided by the power in. Three-phase motors are more energy- 
efficient than single-phase or DC motors and are the most common motors used in commercial and industrial 
applications. Three-phase motors account for approximately 85% of all electric motors used and consume 
approximately 53% of all power produced. Efforts to improve energy efficiency and conservation of resources 
prompted the legislation of the Energy Policy Act (EPAct), which was passed by Congress and signed into law 
October 24, 1992. The Energy Policy Act took effect on October 24, 1997 and mandates efficiency standards 
for 36, 1 HP to 200 HP general-purpose motors. 
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Displacement Power Factor 


Utility companies sell power based on the 
amount of true power (kW) a customer uses. 
However, utility companies supply apparent 
power (kVA) to customers. For example, as- 
sume a facility (company) is using | MW of true 
power per hour and has a power factor of 65%. 
The utility company must supply 1.539 MVA 
per hour (kVA = kW + PP) of apparent power. 
If the power factor were corrected to 90%, the 
utility would only have to supply 1.111 MVA of 
apparent power to the company to do the same 
amount of work. 

Because the power factor affects the cost of 
delivering power, utility companies typically 
charge larger customers with a poor power factor 
an additional charge for the kilovolt amps used. 
The additional charge is added to the electric bill 
as a power factor charge. Typically, an automatic 
increase occurs on the bill whenever power fac- 
tor drops below 90% at a facility. The lower the 
power factor, the higher the additional power 
factor charge. 

The two power factor measurements are total 
power factor (PF) and displacement power factor 
(DPF). Total power factor (power factor or PF) 
is the power factor equal to the total difference 
between true power and apparent power (VA) ina 
circuit. Power factor takes into account the power 
factor of the fundamental line frequency (60 Hz) 
and the power factor of any harmonic frequencies 
that may be on the power line. 

Displacement power factor (DPF) is the pow- 
er factor of the fundamental frequency (60 Hz) 
only. In any circuit that includes nonlinear 
loads, there are some harmonic frequencies 
and the total power factor is different from 
the displacement power factor. Any differ- 
ence between the total power factor and the 
displacement power factor indicates that there 
are harmonics in the system. 

Typically, utility company power factor 
charges are based on displacement power factor 
(DPF) values and not power factor (PF) values. 
A power analyzer meter measures and displays 
the PF and DPF of a circuit being tested. See 
Figure 4-36. 


Companies find improving power factor is 
more economical than paying higher power costs. 
One way of correcting the power factor is to add 
capacitor banks to the power lines. Capacitor 
banks are designed to correct the power factor 
only at the fundamental frequency (60 Hz). When 
there is a large amount of harmonics on the power 
lines, sizing capacitors for the displacement power 
factor values will cause capacitor failure. 


DISPLACEMENT POWER FACTOR 


TOTAL POWER 
FACTOR (PF) 


PF = Power factor of all frequencies 
DPF = Power factor of only fundamental 
(60 Hz) line frequency 


Figure 4-36. A power quality meter measures and displays 
power factor (PF) and displacement power factor (DPF). 


| Technical Tip | Tip 1 


Typical power meter features include filtering, data logging, 
event triggering, and application software for use with a PC. 


Power Factor Measurement 
Procedures 


To test the power factor of circuits, a power 
quality analyzer meter with a power factor 
measurement function 1s required. Power fac- 
tor measurements are taken at the transformer, 
branch circuit, main power panel, and possibly 
the load. See Figure 4-37. 
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POWER FACTOR MEASUREMENT PROCEDURES 
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Figure 4-37. The lower the power factor, the less efficient the circuit and the higher the operating costs. 
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Before taking any power factor measurements using a power analyzer meter, ensure the meter is designed to 
take measurements on the system being tested. Refer to the operating manual of the test instrument for all mea- 
suring precautions, limitations, and procedures. Always wear required personal protective equipment and follow 
all safety rules when taking the measurement. To measure power factor, apply the following procedures: 


© Set the power analyzer meter to power factor measuring mode (and recording mode as required). 
Ө Connect the test leads and current clamp of the power analyzer meter to the meter jacks as required. 
© Connect the voltage test leads and current clamp(s) to the system being tested. 

© Allow the meter to measure and record voltage and current measurements (power). 


© Read and record the power findings. 
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Q Correct power factor problems by adding capacitor banks or other devices as required. 
Ө Retest the system after repairs are completed. 


Q Remove the power analyzer meter from the system. 


NOISE Noise in a system can produce false signals 
in electronic circuits, leading to processing 
errors, incorrect data transfer, and printer er- 
rors. An oscilloscope is used to test for noise 
problems in electrical systems and electronic 
equipment. When noise is a problem, filter 
circuits and/or noise suppressors are added to 
circuits to reduce noise. 


Noise enters a power distribution system directly 
on the wires (L1, L2, and L3), on grounds, or 
through magnetic coupling of adjacent wires. 
Noise is typically produced on power lines from 
common mode noise and transverse mode noise. 
Common mode noise is noise produced between 
ground and hot lines, or between ground and 
neutral lines. Transverse mode noise is noise 
produced between hot and neutral lines. See 
Figure 4-38. 

Arcing at motor brushes, ground faults, poor rms 16840= MAX 
grounds, radio transmitters, and ignition systems, 000102 MIN 1 80 Hz 
and the opening of electrical contacts also cause : : 
common mode noise. The opening of electrical : 
contacts produces noise because an arc is cre- 
ated'as the contacts are pulled apart. The higher 
the current in the circuit being opened, the larger 
and longer the arc. Transverse mode noise is also 
caused by welders, switched power supplies, and 
the firing of silicon-controlled rectifiers (SCRs) 
in electrical equipment. 
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Noise in an electrical system is indicated by using graphic display meters 
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Figure 4-38. Noise can enter a power distribution system directly on the wires or grounds or through magnetic and capaci- 


tive coupling of adjacent wires. 
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Test:Instruments 


Electronic circuit test instruments are used for situ- 
ations where wave signals must be measured and 
analyzed. These types of instruments include fre- 
quency meters, digital multimeters, oscilloscopes, 
signal generators, sound level meters, digital logic 


Fluke Corporation 


probes, logic pulsers, and analog multimeters. 


FREQUENCY 


Frequency is the number of cycles per second of an AC sine wave. A cycle is one complete wave of alternating 
positive and alternating negative voltage or current. An alternation is one half of a cycle. A period is the time 
required to produce one complete cycle of a waveform. Frequency is measured in hertz (Hz). Hertz (Hz) is 
the international unit of frequency and is equal to one cycle per second. See Figure 5-1. 
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The term frequency is typically used to 
describe electrical equipment operation, as in 
discussing power line frequency (which is nor- 
mally 50 Hz or 60 Hz) and variable frequency 
drives (which normally use a 1 KHz to 20 kHz 
carrier frequency). The term frequency is also 
used to describe electronic equipment opera- 
tion, as in the terms audio frequency (15 Hz to 
20 kHz) and radio frequency (30 KHz to 300 KHz 
for low frequency, 300 kHz to 3 MHz for me- 
dium frequency, 3 MHz to 30 MHz for high 
frequency, and 30 MHz to 300 MHz for very 
high frequency). 
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Figure 5-2. Frequency is measured with stand-alone frequency meters, or digital multimeters with a frequency measurement 


function. 


Frequency Meters 

A frequency meter (frequency counter) is a test 
instrument that is used to measure the frequency 
of an AC signal. A frequency meter can be a stand- 
alone meter whose primary function is to measure 
frequency, or a frequency-measuring function that 
is part of a digital multimeter. Frequency meters 
designed primarily for measuring the frequency 
of a signal have a wide frequency measuring 
range—from a few hertz to a gigahertz (GHz) or 
more. Digital multimeters that include a frequency 
measuring function can measure a wide range of 
frequencies but have a much lower measuring 
range, typically 5 Hz to 1 MHz. See Figure 5-2. 
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Frequency Measurements 


Electrical circuits and equipment are designed to operate at either a fixed or variable frequency. Equipment 
designed to operate at a fixed frequency performs abnormally when operated at a frequency other than the 
frequency specified by the manufacturer. For example, an AC motor designed to operate at 60 Hz rotates more 
slowly when the frequency is less than 60 Hz and rotates faster when the frequency is above 60 Hz. Any change 
in frequency to an AC motor causes a proportional change in motor speed. For example, a 5% reduction in 
frequency produces a 5% reduction in motor speed. 

Frequency meters are used to measure frequency when troubleshooting electrical and electronic equipment. 
When frequency meters include a MIN MAX recording mode, frequency measurements are recorded over a 
specific time period. The MIN MAX recording mode is used to record frequency measurements the same way 
voltage, current, or resistance measurements are recorded. Frequency meters typically have a manual frequency 
range selection such as | Hz to 25 MHz or 20 MHz to 1 GHz. Some frequency meters automatically select the 
best frequency measurement range for the application. However, when the frequency of the measured voltage 
is outside the frequency measurement range, the meter cannot display an accurate measurement. Refer to the 
user's manual of a specific frequency meter for the frequency measurement range permitted by the meter. 


Frequency Meter Frequency 
Measurement Procedures 


Before taking any frequency measurements using 
a frequency meter, ensure the meter is designed 
to take measurements on the circuit being tested. 
See Figure 5-3. Refer to the operating manual of 
the test instrument for all measuring precautions, 
limitations, and procedures. To measure frequency 
using a frequency meter, apply the following 
procedures: 


@ Set the frequency meter to the frequency- 


o Plug the test leads of the frequency meter into 
the meter jacks. The position of the test leads 
is arbitrary. 


O Connect the test leads to the circuit. The posi- 
tion of the test leads is arbitrary. 


Ө Read the displayed frequency. The abbrevia- 
tion Hz, kHz, MHz, or GHz 15 displayed as 
part of the reading. 


Ө Remove the frequency meter from the circuit. 


Fluke Corporation 
Power quality analyzer meters display the frequency of electricity when 
connected to a circuit with a current clamp to measure current. 


measuring range required for the application. 
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Figure 5-3. Measuring the frequency at various positions of an electrical device (such as a variable frequency drive) can 
identify defective device components. 


Digital Multimeter Frequency Measurement Procedures 

Before taking any frequency measurements using a digital multimeter, ensure the meter is designed to take 
measurements on the circuit being tested. See Figure 5-4. Refer to the operating manual of the test instrument 
for all measuring precautions, limitations, and procedures. Always wear required personal protective equipment 
and follow all safety rules when taking the measurement. To measure frequency using a digital multimeter 
with a frequency-measuring function, apply the following procedures: 


Q Sct the function switch to AC voltage. Set the range to the highest voltage setting when the voltage in the 
circuit is unknown. Multimeters typically power up in the automatic mode, which automatically selects 
the best measurement range based on the voltage and frequency present. 


O Plug the test leads of the frequency multimeter into the proper meter jacks. : 
Ө Connect the test leads to the circuit. 

Ө Read the voltage displayed on the frequency multimeter. 

© With the meter still connected to the circuit, press the Hz button. 


Ө Read the frequency measurement displayed. The abbreviation Hz, kHz, MHz, or GHz is displayed as part 
of the reading. 


Ө) Remove the frequency multimeter from the circuit. 
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Figure 5-4. Frequency measurement using a DMM with a Hz button requires first measuring AC voltage. 


In some circuits, there may be enough distortion on the power line to prevent an accurate frequency measure- 
ment. Forexample, AC variable frequency drives produce frequency distortions. To accurately check the frequency 
of a circuit with a variable frequency drive, use a meter that is designed to take frequency measurements on 
variable frequency drives. Meters designed to operate on circuits with solid-state devices include a bypass filter 
circuit to separate the power frequency from the carrier frequency and display only the power frequency. 


OSCILLOSCOPES 


Most electronic circuits are designed to take a 
signal (power, voice, picture, data, digital, etc.) 
and change the signal by amplifying, filtering, 
storing, displaying, or converting the signal from 
analog to digital or digital to analog. The testing 
of electronic circuits and equipment often re- 
quires measuring or observing electrical signals. 
Electrical signals are measured by using meters 
(voltmeters and ammeters), or are observed by 
using oscilloscopes. An oscilloscope is a test 
instrument that provides a visual display of volt- 
ages. An oscilloscope provides the waveform for 
the voltage in a circuit and also allows the voltage 
level, frequency, and phase to be measured. The 
two types of oscilloscopes are bench and hand- 
held. Both types of oscilloscopes include the same 
basic features. See Figure 5-5. 
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Handheld oscilloscopes are used when signal measurements must be 
captured in the field. 
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OSCILLOSCOPES 


A handheld oscilloscope 1$ a test instrument 
that displays the shape of a voltage waveform 
and is typically used for field testing. Field 
Pam testing is testing-performed when the test instru- 
2 а ment is taken to the location of the equipment 
to be tested. Most handheld oscilloscopes are a 
combination oscilloscope and digital multimeter. 
Handheld oscilloscopes can also be referred to 
as portable oscilloscopes, Scopemeters®, Pow- 
erPads™, power quality meters, power analyzers, 
or power meters. 


Technical Tip E 


Features to consider when choosing oscilloscopes include 
high-capacity hard discs, removable storage, nonvolatile 
memory, sample rate, and bandwidth. 


Oscilloscope Features 


All oscilloscopes display voltage wave shapes of 
electrical, electronic, and digital signals. How- 
ever, how accurate a displayed wave shape or 
signal can be depends upon several oscilloscope 
features and specifications. The important speci- 
fications and features of an oscilloscope include 
sample rate, bandwidth, and whether the display 
has a dual trace. 


HANDHELD OSCILLOSCOPE 


Figure 5-5. Bench oscilloscopes and handheld oscillo- 
scopes include the same basic features and are referred to 
as oscilloscopes, scopes, or power quality meters. 


Sample rate is the speed with which an oscil- 
loscope takes a "picture" of an incoming signal. 


A bench oscilloscope is a test instrument that The higher the sample rate of an oscilloscope, the 
displays the shape of a voltage waveform and more accurate the trace of the signal being tested. 
is used mostly for bench testing electrical and Higher sample rates do increase the cost of an os- 
electronic circuits. Bench testing is testing per- cilloscope or any type of test instrument. Sample 


formed when equipment being tested is brought rate is specified as the number of wave captures 
to a designated service area. Bench-type oscil- in 1 sec and is listed in megasamples per second 
loscopes are used to troubleshoot digital circuit (MS/s) or gigasamples per second (GS/s). The 
boards, communication circuits, TVs, VCRs, more unstable (changing) the signal, the higher 
DVDs, computers, and other types of electronic the sample rate of the test instrument must be to 
circuits and equipment. display an accurate trace. Typically, the specified 
sample rate of the test instrument is 3 to 5 times 
faster than the fastest cycle (frequency in Hz) 
to be captured. For example, to view a 10 MHz 
signal, a minimum 30 MS/s rated oscilloscope 
must be used. 


Technical Tip 


There are approximately 78 companies worldwide that manu- 
facture oscilloscopes for testing purposes. 
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Bandwidth is the width of a range of frequencies that have been specified as performance limits within which 
a meter can be used. There are two general bandwidth ratings, real-time and repetitive. Real-time (single-shot) 
bandwidth is the highest frequency an oscilloscope can capture in a single pass. The real-time bandwidth rating 
of an oscilloscope must be at least twice the frequency of the signal being tested. Repetitive (equivalent-time) 
bandwidth is the picture of the signal that the oscilloscope displays after multiple sweeps of the signal being 
tested. Bandwidth is typically rated in megahertz (MHz). The wider the bandwidth rating (20 MHz, 100 MHz, 
200 MHz) of an oscilloscope, the greater the number of circuits the oscilloscope can be used to test. 


Oscilloscope Display and Trace The starting point of a trace is located at the 
An oscilloscope displays the voltage being left side of the screen. Sweep is the movement of 
tested on the screen of the unit. The screen of the displayed trace across the oscilloscope screen. 
an oscilloscope contains scribed horizontal The sweep of the oscilloscope trace is from left 
and vertical axes. The horizontal (x) axis rep- to right. 


resents time and the vertical (y) axis represents 
the amplitude of the voltage waveform. The 
scribed lines also divide the screen into equal 
divisions. The divisions are used to determine 
the voltage level and frequency of the displayed 
waveforms. See Figure 5-6. 

A trace is established on the screen of an os- 
cilloscope before the circuit being tested is con- 
nected to the oscilloscope. A trace is a reference 
point or line that is visually displayed on the face 
of the oscilloscope screen. A trace is normally 
positioned above or equally above and below the 
horizontal axis of the screen. 
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Oscilloscope displays sometimes have color traces. 
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Figure 5-6. A trace that is established on the screen of an oscilloscope uses the horizontal (х) axis to represent time and 
the vertical (у) axis to represent the amplitude of the voltage waveform. 
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Dual-Trace Oscilloscopes 

A dual-trace oscilloscope is an oscilloscope that displays two signal traces simultaneously. Dual-trace oscil- 
loscopes include two separate inputs (channel 1 and channel 2) through which the two signals are sent into the 
oscilloscope for viewing and comparison. Dual-trace oscilloscopes are used for such applications as monitor- 
ing the input signal and output signal of a circuit simultaneously. By means of the dual trace, any signal gain, 
loss, distortion, or other changes to the signal are seen. See Figure 5-7. 
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Figure 5-7. A dual-trace oscilloscope is used to view two signals such as an input and an output simultaneously. 


Oscilloscope Adjustments 
Manual controls on an oscilloscope are adjusted to view waveforms. Typical oscilloscope controls that 
are adjusted include intensity, focus, horizontal positioning, vertical positioning, volts per division, and 
time per division. 

Intensity is the level of trace brightness. The intensity control of an oscilloscope sets the brightness level of 
the displayed voltage trace. The intensity level is kept as low as possible to keep the trace in focus. The focus 
control adjusts the sharpness of the displayed voltage trace. 


The horizontal control adjusts the left-to- 
right position of the displayed voltage trace. The 
horizontal control sets the starting point of the 
trace. The vertical control adjusts the up-and- 
down position of the displayed voltage trace. See 
Figure 5-8. 

The volts/division (volts per division) control 
selects the height of the displayed waveform. 
The setting determines the number of volts each 
vertical screen division represents. For example, 
when a waveform occupies four divisions and 
the volts/division control is set on 20 V, the 
peak-to-peak voltage Е) equals 80 У (4 x 
20 = 80 V). Eighty volts peak-to-peak equals 
40 V peak (V...) (80 + 2 = 40 V). See Figure 
5-9. Forty volts peak equals 28.28 W СО 
O07 = 25.28 Vy 
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The time/division (time per division) control 
selects the width of the displayed waveform. The 
setting determines the length of time each cycle 
takes to move across the screen. For example, 
when the time/division control is set on 10 ms, 
each horizontal screen division equals 10 milli- 
seconds (ms). When one cycle of a waveform 
equals four divisions, the displayed time equals 
40 ms (4 x 10 = 40 ms). See Figure 5-10. 

To determine the frequency of a displayed 
waveform, apply the following formula: 


1 
Ўт 


where 
f= frequency (in hertz) 
1 = constant 
T = time period (in seconds) 
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Figure 5-8. Manual controls on an oscilloscope such as intensity, focus, horizontal positioning, vertical positioning, volts 
per division, and time per division must be adjusted to view waveforms for usable information. 
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OSCILLOSCOPE — VOLTS PER DIVISION CONTROLS 
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Figure 5-9. The volts per division control selects the height of the displayed waveform by setting the number of volts each 
horizontal screen division represents. 


Example: Calculating Frequency 

Find the frequency of a waveform when one cycle 
of a waveform occupies four divisions and the 
time/division control is set on 10 ms (10 ms = 
0.01 sec). 


1. Calculate time period. 


T=4x 0.01 
T = 0.04 sec 
2. Calculate the frequency. 
1 
1 
1 
~ 0.04 
f =25 Hz 


Technical Tip 


The accuracy of an oscilloscope is degraded at lower fre- 
quencies unless the device is capable of DC response. 


Oscilloscope AC Voltage 
Measurement Procedures 


An oscilloscope is connected in parallel with 
a circuit or component to measure voltage. An 
oscilloscope is connected to a circuit by a probe 
on the end of each test lead. A 1x probe (1 to 1) 
is used to connect the input of the oscilloscope 
to the circuit being tested when the test voltage is 
lower than the voltage limit of the scope. 

A 10x probe (10 to 1) is used to divide the 
input voltage by 10. The voltage limit of an 
oscilloscope equals 10 times the normal rated 
voltage when a 10x probe is used. The level of 
measured voltage displayed on the oscilloscope 
screen must be multiplied by 10 to obtain the 
actual circuit voltage when a 10x probe is being 
used. For example, if the displayed oscilloscope 
voltage is 25 V while using a 10x probe, the 
actual circuit voltage is 250 V (25 x 10 = 250 V). 
See Figure 5-11. 
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OSCILLOSCOPE — TIME PER DIVISION CONTROLS 
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Figure 5-10. The time per division control selects the width of the displayed waveform by setting the length of time (per 
division) each cycle takes to move across the screen. 


Troubleshooting Tip 


TOTAL RESISTANCE —PARALLEL To calculate total resistance in a parallel circuit, apply 
the following formula: 
Ohm's law states that the total resistance in a circuit В; = ———— 
containing parallel loads is less than the smallest aR Poo 
resistance value of any load. | г 
where 
А, = total resistance (in О) 
А, = resistance 1 (іп О) 
R, = resistance 2 (in О) 
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OSCILLOSCOPE AC VOLTAGE MEASUREMENT PROCEDURES 
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DIVISION CONTROL 
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DIVISION CONTROL 


What is the rms value of a waveform if the vertical amplitude 
is 3.5 divisions and the volts/division control is set to 20? 
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Figure 5-11. Oscilloscopes are connected in parallel with a circuit or component to measure voltage by 1x or 10x probes 
on the end of the voltage test lead. 


Before using an oscilloscope to take AC volt- 
age measurements, ensure the scope is designed 
to take measurements on the circuit being tested. 
Refer to the operations manual of the test instru- 
ment for all measuring precautions, limitations, 
and procedures. Always wear required personal 
protective equipment and follow all safety rules 
when taking the measurement. To use an oscil- 
loscope to measure the AC voltage of a circuit, 
apply the following procedures: 


Ө Tun the power switch ON and adjust the trace 
brightness on the screen. 


O Connect the test leads with probes to oscil- 
loscope jacks (channel 1) as required. 


© Set the AC/DC control switch to AC. 


Ө Set the volts/division control to display the 
voltage level being tested. Set the control to 
the highest value when the voltage level is 
unknown. 


Ө Connect the oscilloscope test lead probes to 
the circuit with the AC voltage being tested. 


Q Adjust the volts/division control to display the 
full (peak-to-peak) waveform of the voltage 
being tested. 
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To calculate У, first calculate NE a is 
calculated by multiplying the number of divisions 
by the volts/division setting. For example, when a 
waveform occupies four divisions and the volts/ 
division setting is 10, к equals 40 V (4х 10 = 
40 V). V. equals 20 V (40 + 2 = 20 V). 

V nax 1S multiplied by 0.707 to find V... . For ex- 
ample, when V. 18 20 V, V „equals 14.14 V (20 x 
0.707 = 14.14 V). V... is the value of the voltage 
being tested as measured by an rms voltmeter. 


Ema Trias ar 


Fluke Corporation 
Some oscilloscopes display all three phases of a system simultaneously for 
determining voltages and frequencies. 


Ө Set the time/division control to display several 
cycles of the voltage waveform being tested. 


Q Set the vertical control to set the lower edge 
of the waveform on one of the lower lines. 


Q Set the horizontal control so that the start of 
one cycle of the waveform begins at the verti- 
cal centerline on the oscilloscope screen. 


(9 Measure the vertical amplitude of the wave- 
form by counting the number of divisions 
displayed QU c) 

Observe the displayed waveform for distortion 


Oscilloscope or Handheld 
Oscilloscope Frequency 
Measurement Procedures 


In AC applications with variable frequency 
drives, the ability to measure the frequency 
of the circuit is critical. Frequency meters are 
typically used in applications where high ac- 
curacy and direct numerical frequency readout 


are required. Oscilloscopes or handheld oscillo- 
scopes provide very accurate readings for most 
frequency measurement applications. Oscillo- 
scopes or handheld oscilloscopes also graphi- 
cally show any distortion present in the circuit 
voltage. To measure frequency, oscilloscope or 
handheld oscilloscope probes are connected in 
parallel with the circuit or component being 
tested. See Figure 5-12. 


or other problems. 
Remove the oscilloscope from the circuit. 


Technical Tip 


Some digital scope specifications that should be considered 
when choosing an oscilloscope include sample rate, band- 
width, triggering, A/D resolution (degree of fineness on the 
screen), and data storage (RAM). 
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OSCILLOSCOPE OR HANDHELD OSCILLOSCOPE 


. FREQUENCY MEASUREMENT PROCEDURES . 
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What is the frequency of a waveform if one cycle occupies 
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Figure 5-12. Oscilloscopes or power quality meters provide very accurate readings for most frequency measurement ap- 
plications by displaying any distortion present in the circuit voltage being tested. 


Before taking any frequency measurements using a handheld oscilloscope, ensure the meter is designed 
to take measurements on the circuit being tested. Refer to the operations manual of the test instrument for all 
measuring precautions, limitations, and procedures. Always wear required personal protective equipment and 
follow all safety rules when taking the measurement. To use a handheld oscilloscope to measure frequency, 
apply the following procedures: 


Ө Turn the handheld oscilloscope power switch ON and adjust the trace brightness. 


Ө Connect the test leads of the handheld oscilloscope to the meter jacks as required. 


© Set the AC/CD control to AC. 


Ө Set the volts/division control to display the 
voltage level being tested. Set the control to 
the highest value when the voltage level is 
unknown. 


O Connect the handheld oscilloscope probe to 
the AC voltage in the circuit being tested. 


Ө Adjust the volts/division control to display 
the vertical amplitude of the waveform being 
tested. 


@ Set the time/division control to display ap- 
proximately two cycles of the waveform being 
tested. 


© Set the vertical control so that the center of the 
waveform is on the centerline of the handheld 
oscilloscope screen. 


© Set the horizontal control so that the start of 
one cycle of the waveform begins at the ver- 
tical centerline on the handheld oscilloscope 
screen. 


© Measure the number of divisions between the 
Start point and end point of one cycle of the 
waveform. 
Observe the displayed waveform for distortion 
or other problems. 
Remove the handheld oscilloscope from the 
circuit. 


HANDHELD OSCILLOSCOPES 


Handheld oscilloscopes display signal frequencies 
by using internal calculations. 


CALCULATED FREQUENCY 


(3.268 


TIME/ 
DIVISION 
SETTING 


Troubleshooting Tip 


DIVISIONS) 
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To determine frequency, multiply the number 
of measured divisions by the time/division setting. 
The resulting value is the time period for one cycle 
of the waveform. To determine the frequency of 
the waveform, divide the time period into 1. 


Example: Calculating Frequency 
Calculate the frequency when one cycle of a wave- 
form occupies 10 divisions and the time/division 
setting is 2 us (microseconds). 
1. Calculate time period. 
T = 10 x 0.000002 
T = 0.00002 sec 
2. Calculate frequency. 


1 
т 


1 
0.00002 


f= 50,000 Hz (50 kHz) 


= 


When measuring the output frequency of 
a variable frequency drive, an oscilloscope or 
handheld oscilloscope can be used to look at the 
carrier frequency and the fundamental frequency. 
Carrier frequency is the frequency that controls 
the number of times the solid-state switches in 
the inverter section of a pulse width modulated 
(PWM) variable frequency drive turn ON and turn 
OFF per second. The higher the carrier frequency, 
the more individual pulses there are to repro- 
duce the fundamental frequency. Fundamental 
frequency is the frequency of the voltage used to 
control motor speed. Carrier frequency pulses per 
fundamental frequency are found by applying the 
following formula: 


ie 


P = CARR 
Ер 

where 
Р = pulses 


Fg = Carrier frequency (in Hz) 


F охо = fundamental frequency (in Hz) 
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For example, what is the number of pulses per 
fundamental frequency when a carrier frequency 
of 1 kHz is used to produce a 60 Hz fundamental 
frequency? 


P = 16.66 pulses 

A carrier frequency of 6 KHz used to produce a 
60 Hz fundamental frequency has 100 individual 
carrier frequency pulses per fundamental cycle. 

Fundamental frequency is the frequency of the 
voltage a motor uses, but the carrier frequency 
actually delivers the fundamental frequency volt- 
age to the motor. The carrier frequency of most 
variable frequency drives can range from 1 kHz 
to about 20 KHz. The higher the carrier frequency, 
the closer the output sine wave is to a pure funda- 
mental frequency sine wave. See Figure 5-13. 
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Fluke Corporation 
Oscilloscopes are used to display the voltage output of variable frequency 
drives. 


Increasing the frequency to a motor above the 
standard 60 Hz also increases the noise produced 
by the motor. Noise is noticeable in the 1 kHz 
to 2 kHz range pecause the noise is within the 
range of human hearing and is amplified by 
the motor. A motor connected to a variable 
frequency drive delivering a 60 Hz fundamental 
frequency with a carrier frequency of 2 KHz is 
about three times louder than the same motor 
connected directly to a pure 60 Hz sine wave 
through a magnetic motor starter. Motor noise 
is a problem in variable frequency drive ap- 
plications such as HVAC systems in which the 
noise can carry throughout an entire building 
using the ductwork. 

Most people can hear a tone from a motor 
when the tone is in the | KHz to 3 kHz range. The 
sound is heard as a high-pitched whine. A person 
can hear frequencies above 3 kHz, but the higher 
frequencies are not amplified by a motor as much 
as lower frequencies. 

Fortunately, manufacturers have raised the 
carrier frequency of variable frequency drives 
beyond the range of human hearing to solve the 
noise problem. High carrier frequencies cause 
greater power losses (thermal losses) in vari- 
able frequency drives because of the solid-state 
switches in the inverter section of the drive. 
Variable frequency drives must be slightly 
derated or the size of the heat sinks increased 
to compensate for thermal increases. Derating 
a variable frequency drive decreases the power 
rating of the drive and increases the size of the 
heat sinks required, which adds additional cost 
to the drive. 

The higher carrier frequencies of variable 
frequency drives are better (less heat is produced 
in the motor), but only up to a point (because of 
larger voltage spikes). A 6 kHz to 8 KHz carrier 
frequency simulates a pure sine wave better than 
a І KHz to 3 KHz carrier frequency and reduces 
heating in a motor because the more closely the 
voltage delivered to a motor simulates a pure 
sine wave, the cooler the motor operates. Even 
slightly reducing the temperature at which a 
motor operates increases the insulation life of 
the motor. 
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Figure 5-13. Carrier frequencies of variable frequency drives range from 1 kHz to 16 kHz. 
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Carrier frequency can be changed at a variable frequency drive to meet particular load requirements. The 
factory default value is usually the highest frequency, and changing to a lower frequency is accomplished 
through a parameter change, such as changing 12 kHz to 2.2 kHz. One effect of high carrier frequencies is 
that the fast switching of the inverter section of a variable frequency drive produces large voltage spikes that 
damage motor insulation. The voltage spikes become more of a problem as cable length between a variable 


frequency drive and motor increases. 


Handheld Oscilloscope DC Voltage 
Measurement Procedures 


When using a handheld oscilloscope to measure 
DC voltage, the displayed DC voltage is a flat 
line because pure DC does not vary in frequency. 
However, the DC voltage displayed on a handheld 
oscilloscope will show the level of DC voltage and 
any distortions to the DC voltage signal. Typi- 
cally, the positive test lead probe is connected to 
a point in the circuit where the DC voltage is to 
be measured. The ground lead probe of the hand- 
held oscilloscope is connected to the ground of 
the circuit. The voltage is positive when the trace 
moves above the centerline. The voltage is nega- 
tive when the trace moves below the centerline. 
See Figure 5-14. 

Before taking any DC voltage measurements 
using a handheld oscilloscope, ensure the meter 
is designed to take measurements on the circuit 
being tested. Refer to the operations manual of 
the test instruments for all measuring precautions, 
limitations, and procedures. Always wear required 
personal protective equipment and follow all safety 
rules when taking the measurement. To use a hand- 
held oscilloscope to measure DC voltage, apply 
the following procedures: 


Q Turn the handheld oscilloscope power switch 
ON and adjust the trace brightness. 


Ө Connect the test leads of the handheld oscil- 
loscope to the meter Jacks as required. 


O set the AC/DC control to DC. 


Ө Set the volts/division control to display the 
voltage level being tested. Set the control to 


O Connect the positive test lead probe of the 
handheld oscilloscope to a ground point in 
the circuit being tested. 


Ө Connect the ground test lead probe to a ground 
point of the circuit. 


Ө Set the vertical control so that the displayed volt- 
age line (0 VDC) is in the center of the screen. 


© Remove the positive test lead probe from the 
ground point and connect the probe to the DC 
voltage being tested. The displayed voltage 
moves above or below the scope centerline, 
depending on the polarity of the DC voltage 
being tested. 


© Measure the vertical amplitude of the voltage 
from the centerline by counting the number 
of divisions from the centerline. 


(9 Observe the displayed waveform for distortion 
or other problems. 
Remove the handheld oscilloscope from the 
circuit. 

Multiply the number of displayed divisions by the 
volts/division setting to determine the DC voltage. 
Forexample, if a waveform is three divisions above 
the centerline and the volts/division control is set at 
5 V, the voltage equals 15 VDC (3 x 52 15 V). 

Measuring DC voltages helps when troubleshoot- 
ing DC circuits such as power supplies that rectify 
AC to DC. The shape of the waveform can be used 
to determine when any of the diodes in the rectifier 
circuit are shorted or open. See Figure 5-15. 


| Technical Tip | Tip | 


Oscilloscope specifications that indicate acceptable environ- 
mental conditions include operating temperature, maximum 
shock, and maximum vibration. 


the highest value when the voltage level is 
unknown. 
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HANDHELD OSCILLOSCOPE—DC VOLTAGE MEASUREMENT PROCEDURES 
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Figure 5-14. When using a power quality meter to measure DC voltage, the displayed DC voltage is a flat line because 
pure DC voltage does not vary in frequency, but power quality meters show the amount of DC voltage and any distortions 
of the DC voltage signal. 


SIGNAL (FUNCTION) GENERATORS 


Much of the work involved when troubleshooting electronics involves signal tracing. Signal tracing follows 
a signal through a circuit, device, or system to find where the signal disappears or becomes distorted. Signal 
tracing is accomplished using test instruments to either measure an electronic signal already within a system 
or circuit, or to measure an electronic signal intentionally injected into a system or circuit. 

When troubleshooting or testing an operating circuit or system, test instruments are used to take measure- 
ments and observe a signal as the signal naturally appears at the measuring points. Based on test instrument 
measurements, circuits may be operating correctly, in need of repair, or in need of replacement. 
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Figure 5-15. The shape of a rectified DC waveform can be used to determine when any diodes in a rectifier circuit are 
shorted or open. 
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A special electrical signal instead of a signal that would naturally be appearing within a circuit or system 
during normal operation is used to test electronic circuits and systems. Signal generators are typically used to 
produce test signals. A signal (function) generator is a test instrument that provides a known input signal to 
a component, circuit, or system for testing purposes. The injected signal is measured at various points as the 
signal travels through circuits to test when the signal disappears, or when it is overly attenuated (reduced in 
energy), distorted, or clipped. See Figure 5-16. 
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Figure 5-16. Signal (function) generators are test instruments that provide a known input signal to components, circuits, or 
systems for testing purposes. 
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Signal generators typically output sine waves, 
Square waves, or triangular waves. Some also 
output other signals, such as digital pulse outputs 
for testing digital circuits. The output signal of a 
signal generator can be adjusted in amplitude and 
frequency to match the normal signals that would 
be sent through a circuit or system. 


Signal Gain Measurements 


Electronic circuits that are used for amplification 
are tested by injecting a known signal into the in- 
put point of the circuit and measuring the resulting 
output signal. When the output signal is greater 
than the input signal, the circuit has a gain. When 
the output signal equals the input signal, there is 
no gain; and when the output signal is less than 
the input signal, there is a loss of signal. Gain is 
a ratio of the amplitude of the output signal to the 
amplitude of the input signal. 

Signal gain can be found by applying the fol- 
lowing formula: 


out 


E in 
where 
V = change in signal gain between the 
can . . . . 
input and output signal of a circuit 
or system 
V = measured signal output (in volts) 


oul 

V,, = measured signal input (in volts) 
Signal gain is only one measurement of a signal. 

In addition to testing for gain, a signal must also be 

tested to ensure the signal is not distorted or compro- 

mised (carrying noise). Oscilloscopes and handheld 

oscilloscopes are used to test the condition of a signal 


and display any distortions or other problems. 


Decibel Gain 


Voltage gain can also be expressed in dB. A decibel 
(dB) is an electrical unit used to express the ratio of 
the magnitudes of two electric values such as voltage 
or current. When an output signal is greater than the 
input signal, the gain (in dB) is a positive number 
(20 dB, 55 dB). When the output signal equals the 
input signal, the gain is О dB; and when the output 
signal is less than the input signal, the gain (in dB) 
is anegative number (—10 dB, —45 dB). 


SOUND LEVEL (DECIBEL) METERS 


Sound is energy that consists of pressure vibra- 
tions in the air. Pressure vibrations are produced 
by or originate from vibrating objects. Pressure 
vibrations travel outward in waves which cause 
recurring compression and rarefaction of air. 
Compression is an area of increased pressure in 
a sound wave produced when a vibrating object 
moves outward. Rarefaction is an area of reduced 
pressure in a sound wave produced when a vibrat- 
ing object moves inward. See Figure 5-17. 

Sound is heard when vibrations are picked up 
by the ears of a person. 
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Figure 5-17. Sound is energy that consists of pressure 
vibrations in the air that are produced by or originate from 
vibrating objects. 


Sound Frequency 


Sound frequency (f) 1s the number of air pressure 
fluctuation cycles produced per second. Sound 
consists of various frequencies. Frequency is 
measured in hertz (Hz). Hertz is the international 
unit of frequency and is equal to one cycle per 
second. 
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The faster an object vibrates, the higher the frequency produced. The slower an object vibrates, the lower 
the frequency produced. As a frequency increases, wavelength decreases. Wavelength is the distance covered 
by one complete cycle of a sound wave as the wave passes through the air. Low frequencies produce deep, 
bass sounds that vibrate at several hundred vibrations per second. High frequencies produce high, shrill sounds 
that vibrate at several thousand vibrations per second. A sound with a 10 Hz frequency vibrates at 10 cycles 
per second. Every second, the air particles move up and down 10 times. 

A person with good hearing can hear sounds with frequencies ranging from about 20 Hz to 20 kHz. As 
a person ages, the upper limit of hearing decreases. Alarms, horns, and bells typically operate at a specific 
frequency. Sirens typically operate at a frequency that varies slightly. Audio speakers operate at frequencies 
within the human hearing range. The frequency spectrum is the range of all possible frequencies. The audio 
spectrum is the part of the frequency spectrum that humans can hear (20 Hz to 20 kHz). See Figure 5-18. 


Sound Intensity 


Sound intensity (volume) is a measure of the 
amount of energy flowing in a sound wave. Ampli- 
tude is the distance that a vibrating object moves 
from a position of rest during vibration. 

The larger the amplitude, the louder the sound 
produced. Sound waves that fluctuate in the air 
a small amount produce little sound. Eardrums 
do not have much vibration (movement) when 
a sound is considered soft. Sound waves that 
fluctuate in the air a large amount produce loud 
sounds. Eardrums have a lot of vibration (move- 
ment) when a sound is considered loud. Eardrums 
are damaged when sound waves are too large (the 
sound level is excessive). See Figure 5-19. 

A decibel (dB) is an acoustical unit used 
to measure the intensity (volume) of sound. A 


AEMC? Instruments 
Sound level meters detect sound waves and display the intensity of the sound 
waves in decibels. 


decibel is Мо of a bel (unit named after Alexan- 
der Graham Bell). A bel is the logarithm of an 


electric, acoustic, or other power ratio. Because 
the decibel scale is logarithmic, to raise the sound 
level 3 dB, the power level must be doubled. For 
any given sound, the loudness doubles for every 
increase of 10 dB or is reduced by !^ for every 
decrease of 10 dB. For example, the sound level 
of normal conversation is one-half the sound level 
of a hair dryer. Sound waves lose intensity as the 
waves spread outward. Also, the loudness of a 
sound decreases as the distance the sound travels 
increases. See Figure 5-20. 


The decibel level of a sound wave represents 
a ratio of the amount of sound to a referenced 
amount (normally 0 dB). Zero dB represents the 
absolute faintest sound that a normal human ear 
can possibly hear. As sound intensity increases, 
the decibel level also increases. Sound becomes 
painful when the amount of sound continues to 
increase. A sound intensity of 130 dB is consid- 
ered the pain threshold for the human ear. 
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Figure 5-18. A person with good hearing can hear sounds with frequencies ranging from about 20 Hz to 20 kHz. As a 
person ages, the ability to hear in the upper limit of the frequency spectrum decreases. 
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Figure 5-19. Sound intensity (volume) is a measure of the 
amount of energy flowing in a sound wave. 


| Technical Tip | Tip 


Typical features for sound level meters include ratings for 
outdoor use and auxiliary output connections for use or mea- 
surement with other instruments. Some sound meters also 
include occupational vibration measurement capability. 


The human ear is not equally sensitive over 
the entire frequency range. A 20 Hz sound at 
80 dB is as loud as a 1 kHz sound at 20 dB to 
the human ear, because at 20 Hz the human ear 
is not very sensitive to sound. A typical human 
ear is the most sensitive to sounds between 
3 kHz and 4 kHz. The human ear typically 
requires more sound pressure at low and very 
high frequencies for a person to perceive a 
sound to be as loud as a sound at 1 kHz. Sound 
sensitivity decreases with age. The hearing of 
older women drops to an upper range of about 
10 kHz, and older men to about 8 kHz. Children 
and women tend to be more sensitive to sound 
than a majority of adult men. 
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Figure 5-20. A decibel (dB) is an acoustical unit used to 
measure the intensity (volume) of sound. 


Sound Level Meters 


The level of sound (in dB) can be directly mea- 
sured using a sound level meter. Sound level me- 
ters are used to measure sound levels in recording 
studios, factories, airports, and any other areas in 
which the exact amount of sound must be mea- 
sured. See Figure 5-21. 


id 4 X 
The sound levels that cause permanent hearing damage 


vary from individual to individual and with the length of 
exposure to the sound. According to OSHA, 30 min is all a 
human ear can handle at 110 dB. The human ear can handle 
2 hr at 100 dB or 4 hr at 95 dB before the ear begins to be 
permanently damaged. 
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Figure 5-21. The level of sound (in dB) is directly measured 
using sound level meters in applications such as recording 
studios, factories, airports, and any other areas in which the 
exact amount of sound must be measured. 


Amprobe/Advanced Test Products 


DIGITAL LOGIC PROBES 


Digital logic circuits make decisions for control 
circuits. A digital signal is a signal represented 
by one of two states. A digital signal is either a 
high (1) state or a low (0) state. A high signal state 
is typically 5 V, but can be from 2.4 V to 5 V. A 
low signal state is typically 0 V, but can be from 
ОУ to 0.8 V. 

Digital logic gates are used to control electri- 
cal circuits. The AND, OR, and NOT logic gates 
are the three basic logic functions that make up 
most digital circuit logic. The NOT gate is used 
to invert the incoming signal to the gate. The 
NOR gate is a NOT, OR, or inverted OR gate. 
The NAND gate is a NOT, AND, or inverted 
AND gate. AND, OR, NOT, NOR, and NAND 
logic functions have the same meaning for digital 
logic, hard-wired electrical logic, and for relay 
logic. See Figure 5-22. 

A digital logic probe is a special test instru- 
ment (DC voltmeter) that detects the presence 
or absence of a high or low signal. Displays on 
a digital logic probe include logic high, logic 
low, pulse light, memory, and TTL/CMOS. The 
high state light-emitting diode (LED) illuminates 
when the logic probe detects a high logic level 
(1). The low state LED illuminates when the 
logic probe detects a low logic level (0). See 
Figure 5-23. 

The pulse LED flashes relatively slowly when 
the probe detects logic activity present in a circuit. 
Logic activity indicates that the circuit is changing 
between logic levels. The pulse light displays the 
changes between logic levels because the changes 
are typically too fast for the high and low LEDs 
to display. 

The memory switch sets the logic probe 
to^detect short pulses, usually lasting a few 
nanoseconds. Any change from the original 
logic level causes the memory LED to light 
and remain ON. The memory LED uses the 
pulse LED switch in the memory position. The 
memory switch is manually moved to the pulse 
position and back to the memory position to 
reset the logic probe. 


Various sound level meters have different capabilities for measuring the level 
of sound frequencies across the sound spectrum. 
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BASIC LOGIC FUNCTIONS 
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DESCRIPTION 


ENERGIZED 
Output energized if all inputs are activated 


DE-ENERGIZED 


Output de-energized if any one input is 
deactivated 


ENERGIZED 


Output energized if one or more inputs are 
activated 


DE-ENERGIZED 
Output de-energized if all inputs are deactivated 
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Output energized if input is not activated 
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Output energized if no inputs are activated 


DE-ENERGIZED 


Output de-energized if one or more inputs are 
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Output energized unless all inputs are activated 


DE-ENERGIZED 
Output de-energized if all inputs are activated 


Figure 5-22. The AND, OR, and NOT logic gates are the three basic logic functions used to control electrical circuits. 
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The TTL/CMOS switch selects the logic family 
of integrated circuits (ICs) being tested. Transistor- 
transistor logic (TTL) ICs are a broad family of ICs 
that employ a two-transistor arrangement. The sup- 
ply voltage for TTL ICs is 5.0 VDC, + 0.25 V. 

Complementary metal-oxide semiconductor 
(CMOS) ICs are a group of ICs that employ MOS 
transistors. CMOS ICs are designed to operate on 
a supply voltage ranging from 3 VDC to 18 VDC. 
Check circuit schematics for CMOS circuit volt- 
ages. The supply voltage for CMOS ICs should 
be greater than —5% of the rated voltage. CMOS 
ICs are noted for the ability to operate with ex- 
ceptionally low power consumption. 


Troubleshooting Tip 


LOGIC PULSERS 


Logic pulsers are used with logic probes to 
troubleshoot logic circuits. Logic pulsers inject a logic 
pulse or logic train into a circuit for a logic probe to 
detect. 
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Figure 5-23. A digital logic probe is a special test instru- 
ment (a DC voltmeter] that detects the presence or absence 
of a high (1) or low (0) signal. 
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| Technical Tip | Tip 


A standard logic probe tests transistor-transistor logic, digital- 
transistor logic, resistor-transistor logic, horizontal-transistor 
logic, and complementary metal-oxide-semiconductor and 
metal-oxide-semiconductor digital circuitry. 


Pull-up Resistors 

A floating input is a digital input signal that is too 
high or too low at times. A floating input must 
never occur in a digital circuit. A pull-up resistor 
is an electronic component (resistor) that prevents 
a floating input condition. A pull-up resistor has 
one side connected to the digital power supply (at 
all times) and the other side connected to one side 
of the input to an IC. The connection produces a 
high-state signal on one side of the input to the IC. 
The other side of the IC input is connected to the 
circuit or ground. The high-state signal becomes 
a low-state signal when the input switch to the IC 
is closed. See Figure 5-24. 


Digital Logic Probe Use 


Digital circuits fail because the digital signal is 
lost somewhere between the circuit input and 
output stages. Finding the point where the signal is 
missing and repairing that area typically corrects 
the problem. Repairs typically involve replacing 
a component, section, or an entire PC board. 

The power supply voltage must be tested with 
a voltmeter when a digital circuit or digital logic 
probe has intermittent problems. A digital logic 
probe may indicate a high signal when the supply 
voltage is too low for proper circuit or logic probe 
operation. See Figure 5-25. 
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Figure 5-24. Pullup resistors are electronic components (resistors) that prevent a digital input from being too high or too 


low {floating input). 
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DIGITAL LOGIC PROBE MEASUREMENT PROCEDURES 


LOGIC PROBE FUNCTIONS 
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Figure 5-25. A digital logic probe can indicate a high signal when the supply voltage is too low for proper circuit or logic 
probe operation. 


Before taking any digital measurements using a digital logic probe, ensure the probe is designed to take mea- 
surements on the circuit being tested. Refer to the operations manual of the test instrument for all measuring 
precautions, limitations, and procedures. Always wear required personal protective equipment and follow all 
safety rules when taking the measurement. To use a digital logic probe, apply the following procedures: 
© Connect the negative (black) power lead to the ground side of the digital power supply. 


© Connect the positive (red) power lead of the logic probe to the positive side of the digital power supply. 
The positive power supply is +5 VDC for TTL circuits. 


® Set the selector switch of the logic probe to the logic family (TTL or CMOS) being tested. 


© Touch the logic probe tip to the point in the digital circuit being tested. Start at the input side of the circuit 
and move to the output side of the circuit. 


Ө Observe the condition of the LEDs on the logic probe. Single-shot pulses are stored indefinitely by placing 
the switch in the memory position. 


© Remove the logic probe from the circuit. 
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Circuit Board Breaks 


Broken traces (conducting paths) result when a PC 
board is subjected to mechanical stress. Soldering 
a bridge over the break repairs the break. A bridge 
is made by soldering a short piece of wire to both 
sides of the break. See Figure 5-26. 
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Quality requirements met by suppliers of PC boards and services 
are CE, CSA, ISO 9001, ISO 9002, MIL-SPEC/STD, and О, 
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Figure 5-26. A broken trace (conducting path) results 
when a PC board is subjected to mechanical stress and 
is repaired by soldering a bridge (a short piece of wire) 
across the break. 


TRANSISTOR TESTING 


A transistor is a three-element device made of 
semiconductor material. A transistor is used in 
circuits as either 4 switch or an amplifier. Transis- 
tors are used as current control devices. The three 
elements of a transistor are the emitter (E), base 
(В), and collector (С). On a transistor symbol, the 
lead with the arrow is the emitter. A transistor is 
an NPN transistor when the arrow points away 
from the base. A transistor is a PNP transistor 
when the arrow points toward the emitter. See 
Figure 5-27. 
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Figure 5-27. Transistors are used in electronic circuits as 
switches or signal amplifiers. 
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An NPN transistor is a transistor that has a thin layer of P-type material placed between two pieces of 
N-type material. A PNP transistor is a transistor that has a thin layer of N-type material placed between two 
pieces of P-type material. N-type material carries current in the form of electrons because the material is 
manufactured to have extra electrons. P-type material carries current in the form of positive charges (holes) 
because the material is manufactured to have a deficiency of electrons. 

In a transistor, a very small current applied to one lead controls a large current flow through the other two 
leads. A transistor may be used to start or stop current flow (that is, to switch) or to increase current flow (to 
amplify). Any transistor may be used as a switch or an amplifier. Some transistors are designed to operate more 
efficiently as a switch while others are designed to operate more efficiently as an amplifier. See Figure 5-28. 
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Figure 5-28. Some transistors are designed to operate more efficiently as switches while others are designed to operate 
more efficiently as amplifiers. 


Transistors as Switches 

Transistors were developed to replace mechanical switches. Transistors have no moving parts and can switch 
ON and OFF many times per second. Mechanical switches also have two conditions (ON and OFF or open 
and closed) but cannot be switched as fast as transistors. Both switch types have a very high resistance when 
open and a very low resistance when closed. 

Transistors are operated as switches. For example, transistors are used to turn DC loads ON or OFF. See 
Figure 5-29. During transistor operation the resistance between the collector (C) and emitter (E) is deter- 
mined by the current flow between the base (B) and emitter (E). When the collector-to-emitter resistance is 
high, similar to an open switch, no current flows between C and E. The DC load is not ON because there is 
no current flow. 
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TRANSISTORS AS DC SWITCHES 
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Figure 5-29. Transistors used as switches have a very high resistance when open and a very low resistance when closed. 


When collector to emitter resistance is reduced to a very low value, similar to a closed switch, current flows 
between C and E, switching ON the DC load. A transistor switched ON is operating in the saturation region. 
The saturation region is the transistor operating condition where maximum current is flowing through the 
transistor (C to E). At saturation, the collector resistance is considered zero and the current flow is limited 
only by the resistance of the load. 
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The resistance of a DC load is the only current-limiting device in a circuit when a transistor reaches satu- 
ration. A transistor is operating in the cutoff region when the transistor is switched OFF. The cutoff region 15 
the point at which a transistor is turned OFF and no current flows. At cutoff, all the voltage is across the open 
switch (transistor) and the collector-to-emitter voltage is equal to the supply voltage Voe 


Transistors as Amplifiers 


Transistors are used as AC amplification devices as well as DC switching devices. Amplification is the process of 
taking a small signal and increasing the size of the signal (gain). Transistor amplifiers are used to increase small 
signal currents and voltages so the signals can be used to do useful work. Amplification is accomplished by using 
a small signal to control the energy output from a large source such as a power supply. See Figure 5-30. 

The primary objective when using a transistor as an amplifier is to produce gain. Gain is a ratio of the am- 
plitude of the output signal to the amplitude of the input signal. Gain is a ratio of output to input and uses no 
unit of measure. Gain is used to describe current gain, voltage gain, and power gain. In each case, the output 
is compared to the input. 

A single amplifier may not provide enough gain to increase the amplitude to where the output signal is 
useful. In such a case, two or more amplifiers are used to obtain the gain required. A cascaded amplifier is 
two or more amplifiers connected to obtain a required gain. For many amplifiers, gain is in the hundreds and 
even thousands. 


. TRANSISTORS AS AMPLIFIERS 


AMPLIFYING NPN 
TRANSISTOR 


N 


RESISTOR 


OUTPUT (SOLENOID) 


CURRENT GAIN - E 


BASE 


200 mA (0.2 A) 
2 mA (0.0024) 
CURRENT GAIN - 100 


CURRENT GAIN = 


TRANSISTOR GAIN 


Figure 5-30. Transistor amplifiers are used to increase small signal currents and voltages so that the signals can be used 
to do useful work. 
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Transistor Testing Procedures 

A transistor becomes defective because of excessive current or temperature. A transistor typically fails because 
of an open or shorted junction. The two junctions of a transistor are typically tested with an ohmmeter. See 
Figure 5-31. á 


TRANSISTOR TESTING PROCEDURES 
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Figure 5-31. Transistors become defective due to excessive current or temperature and typically fail due to open or shorted 
junctions. 


== Troubleshooting Tip 


TRANSISTOR TEST INSTRUMENTS 


a transistor is operating. Field-service testers (voltmeters 

and other test instruments) determine the precise 
The in-circuit, field-service, and laboratory-standard are operating conditions of a transistor. Laboratory-standard 
the three types of transistor testers used by electricians. testers simulate an actual circuit to determine the 
In-circuit testers (high-impedance voltmeters) determine if operating characteristics of a transistor. 
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Before taking any resistance measurements using a digital multimeter, ensure the meter is designed to take 
measurements on the circuit being tested. Refer to the operations manual of the test instrument for all measur- 
ing precautions, limitations, and procedures. Always wear required personal protective equipment and follow 
all safety rules when taking the measurement. To test an NPN transistor for an open or shorted junction, apply 
the following procedures: 


Q Set the function switch of the ohmmeter to ohms. 
Ө Connect the test leads of the ohmmeter to the meter jacks as required. 
© Connect the ohmmeter test leads to the emitter and base of the transistor. Measure the resistance. 


© Reverse the ohmmeter test leads and measure the resistance. The emitter to base junction is correct when 
the resistance is high in one direction and low in the opposite direction. The ratio of high to low resistance 
should be greater than 100:1. Typical resistance values are 1 kQ (with the positive lead of the ohmmeter 
on the base) and 100 kQ (with the positive lead of the ohmmeter on the emitter). The junction is shorted 
when both readings are low. The junction is open when both readings are high. 


Ө Connect the ohmmeter test leads to the collector and base of the transistor. Measure the resistance. 


Q Reverse the ohmmeter test leads and measure the resistance. The collector to base junction is correct when 
the resistance is high in one direction and low in the opposite direction. The ratio of high to low resistance 
should be greater than 100:1. Typical resistance values are 1 kQ (with the positive lead of the ohmmeter 
on the base) and 100 kQ (with the positive lead of the ohmmeter on the collector). 


Ө Connect the ohmmeter test leads to the collector and emitter of the transistor. Measure the resistance. 


Q Reverse the ohmmeter test leads and measure the resistance. The collector to emitter junction is correct 
when the resistance reading is high in both directions. 


O Remove the ohmmeter from the transistor. 
The same test is used for an NPN transistor as is used for testing a PNP transistor. The difference in per- 
forming the test is that the ohmmeter test leads are reversed to obtain the same results. 
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THYRISTORS 


A thyristor is a solid-state switching device that 
switches current ON by using a quick pulse of control 
current. A thyristor does not require that the control 
current remain ON once the thyristor is switched ON. 
The most common thyristors are the silicon controlled 
rectifier (SCR) and the triac. 

A silicon controlled rectifier (SCR) is a thyristor 
that is triggered into conduction in only one direction, 
and is suited for DC current use. A triac is a thyristor 
that is triggered into conduction in either direction 
and is suited for AC current use. Thyristors have two 
terminals for load current and one terminal for control 
current. The three terminals of an SCR are the anode 
(A), cathode (К), and gate (С). The three terminals of 
a triac are the main terminal 1 (MT), main terminal 


о B&K Precision 
2 (MT), and gate (G). See Figure 5-32. Signal generators and various test instruments are used to test (field service) 


transistors for operating condition. 


Test Instruments 


Thyristors are typically used to control large amounts of current. SCRs and triacs are used for most solid- 
state industrial switching circuits. SCRs and triacs control motor speed, heat output, brightness of lights, and 
other applications requiring solid-state switching for control. 
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Figure 5-32. Thyristors operate as switches, either DC current switches (SCRs) or AC current switches (triacs). 


Thyristor Triggering Methods 


A thyristor is triggered into conduction by ap- 
plying a pulse of control current to the gate. 
Once turned ON, a thyristor remains ON as long 
as there is a minimum level of holding current 
flowing through the load circuit. Reducing the 
current flowing through the load circuit below 
the holding current value turns a thyristor OFF. 
See Figure 5-33. 

The correct method of turning a thyristor ON is 
to apply a proper signal to the gate of the thyristor 
(gate turn-on). Incorrect methods of turning on 
a thyristor are voltage breakover turn-on, static 
turn-on, and thermal turn-on. 


TRIACS 


Troubleshooting Tip 


SILICON CONTROLLED RECTIFIERS 


Silicon controlled rectifiers (SCRs) are four layer 
(PNPN) thyristors with an input control terminal 
(gate), an output terminal (anode), and a terminal 
common to both the input and output (cathode). 
SCRs are used where there is high current and 
voltage and are also used to control alternating 
currents. The change of sign of the current causes 
the device to automatically switch off. For example, an 
SCR can be used to bring a chemical mixture stored 
in a tank to a specific temperature and maintain that 
temperature. Disadvantages of SCRs are that, like 
diodes, they only conduct in one direction. 
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THYRISTOR TRIGGERING METHODS 
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Figure 5-33. A thyristor is turned on by applying a pulse of control current to the gate. Once turned on, a thyristor remains 
on as long as there is a minimum level of holding current flowing through the load circuit. 


Gate Turn-on 

Gate turn-on is a method of turning on a thyristor that occurs when the proper signal is applied to the gate at 
the correct time. Gate turn-on is the only correct way to turn on a thyristor. For an SCR, the gate signal must 
be positive with respect to the cathode polarity for the thyristor to turn ON. See Figure 5-34. 


Voltage Breakover Turn-on 


Voltage breakover turn-on is a method of turning on a thyristor that occurs when the voltage across the thyris- 
tor terminals exceeds the maximum voltage rating of the device. Excessive voltage causes localized heating 
in a thyristor and damages the thyristor. 


Test Instruments 


TURNING ON THYRISTOR GATE 


POSITIVE SIGNAL 
APPLIED TO GATE 
TURNS ON SCR 


CURRENT FLOW ~ + = 
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Figure 5-34. Thyristors can be turned on by methods that damage the thyristor such as voltage breakover turn-on, static 
turn-on, and heat turn-on. 


Static Turn-on 


Static turn-on is a method of turning on a thyristor that occurs when a fast-rising voltage is applied across the 
terminals of a triac. Manufacturers refer to the point of turn-on as the dv/dt rating. The dv/dt rating defines 
the level of voltage over a given time period that causes the device to turn ON. For example, a typical rating 
for a thyristor 1s 250 V/sec. 

Static turn-on does not damage the thyristor provided the surge current is limited. A snubber circuit is typi- 
cally added across the thyristor terminals to protect the thyristor when static turn-on is a problem. 
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Thermal Turn-on 


All solid-state components are heat sensitive. 
Thermal turn-on is a method of turning on a 
thyristor that occurs when heat levels exceed the 
limit of the thyristor (typically 230°F or 110°C). 
When a solid-state thyristor is turned on by heat, 
the thyristor is typically destroyed. Using the 
correct heat sinks for a circuit eliminates thermal 
turn-on of thyristors. 


Silicon Controlled Rectifier Testing 
Procedures 


SCRs must be tested under operating conditions 
using an oscilloscope. An oscilloscope shows 
exactly how the SCR is or is not operating. Most 
high-power SCRs must be tested using a test cir- 
cuit and an oscilloscope. Low-power and some 
high-power SCRs are tested using an analog 
ohmmeter. To ensure that the analog ohmmeter 
delivers enough output voltage to fire the SCR 
being tested (not all do), a known working SCR 


should be tested first. See Figure 5-35. Saftronics, Inc. 
Silicon controlled rectifiers are tested by connecting the PC board to a test 
circuit and using ohmmeters and oscilloscopes for diagnostics. 
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Figure 5-35. Low-power and some high-power SCRs are tested using an analog ohmmeter. A good SCR will have zero 
ohms and infinity ohms readings. 


Test Instruments 


Before taking any resistance measurements using a digital multimeter, ensure the meter is designed to take 
measurements on the circuit being tested. Refer to the operations manual of the test instrument for all measuring 
precautions, limitations, and procedures. Always wear required personal protective equipment and follow all 
safety rules when taking the measurement. To test a low-power SCR using an ohmmeter, apply the following 
procedures: 

© Set the selector switch of the ohmmeter to DC, and the range switch to the proper resistance range (К x 100 
is typical). 

Ө Connect the test leads of the ohmmeter to the meter jacks as required. 

Ө Connect the negative test lead of the ohmmeter to the cathode of the SCR. 

© Connect the positive test lead of the ohmmeter to the anode of the SCR. The ohmmeter should read infinity. 


© Short circuit the gate to the anode using a jumper wire. The ohmmeter should read almost 0 О. Remove 
the jumper wire. The low-resistance reading should remain. 


Q Reverse the ohmmeter test leads so that the positive lead is on the cathode and the negative lead is on the 
anode. The ohmmeter should read almost infinity. 


Ө Short-circuit the gate to the anode with a jumper wire. The resistance displayed on the analog ohmmeter 
should remain high. 


Q Remove the ohmmeter from the SCR. 


A 


© Connect the positive test lead of the ohmmeter 
to main terminal 2. The ohmmeter should read 
infinity. 


Triac Testing Procedures 


Triacs should be tested under operating conditions 
using an oscilloscope. An oscilloscope shows 


exactly how a triac is or is not operating. An ohm- 
meter can be used to make a rough test with the 
triac out of a circuit. See Figure 5-36. 

Before taking any resistance measurements 
using a digital multimeter, ensure the meter is 
designed to take measurements on the circuit be- 
ing tested. Refer to the operations manual of the 
test instrument for all measuring precautions, 
limitations, and procedures. Always wear required 
personal protective equipment and follow all 
safety rules when taking the measurement. To 
test a triac using an ohmmeter, apply the follow- 
ing procedures: 


@ Set the function switch and the range switch of 
the ohmmeter to the proper resistance range. 


Ө Connect the test leads of the ohmmeter to the 
meter jacks as required. 


Ө Short-circuit the gate to main terminal 2 using 
a jumper wire. The ohmmeter should read 
almost 0 Q. The zero reading must remain 
when the jumper wire is removed. 


Q Reverse the test leads so that the positive test 
lead is on main terminal | and the negative 
test lead is on main terminal 2. The meter must 
read infinity. 


Ө Short-circuit the gate of the triac to main ter- 
minal 2 using a jumper wire. The ohmmeter 
should read almost 0 ©. The zero reading must 
remain after the jumper wire is removed. 


Q Remove the ohmmeter from the triac. 


Technical Tip 


Ө Connect the negative test lead of the ohmmeter 


to main terminal 1. Triacs are used to control the speed of a motor. Since load cur- 


rent (or armature current) flows during both halves of the ap- 
plied VAC, the motor rotates smoothly at all rotational speeds. 
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TRIAC TESTING PROCEDURES 
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Figure 5-36. Ohmmeters are used to make a rough test on triacs that are out of a circuit. 


TROUBLESHOOTING MECHANICAL AND SOLID-STATE SWITCHES 


Mechanical switches have been used since the first electrical circuits. Mechanical switches are used today, 
but more and more solid-state switches are being used to control the flow of current. Both types of switches 
cause problems and often require troubleshooting. 


Mechanical Switches 

Mechanical and solid-state switches are used to switch ON and OFF the flow of electricity in a circuit. A 
mechanical switch is any switch that uses contacts to start and stop the flow of current in a circuit. Mechanical 
switches have normally open, normally closed, or combination switching contacts. Mechanical switches may 
be manually, mechanically, or automatically operated. 

Manually operated switches are used when a circuit is controlled by a person. Manually operated switches 
include pushbuttons, palmbuttons, foot switches, toggle switches, and keyboards. Mechanically operated 
switches are used when a circuit is controlled by the movement of an object. A limit switch is a typical 
mechanically operated switch. Automatically operated switches are used when a circuit is controlled by a 
change in the given conditions. Automatically operated switches include flow-, level-, pressure-, temperature-, 
humidity-, and gas-activated switches. 

A suspected fault with a mechanical switch is tested using a voltmeter. A voltmeter is used to test the volt- 
age into and out of a mechanical switch. See Figure 5-37. 


Test Instruments 


TROUBLESHOOTING MECHANICAL SWITCHES 
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Figure 5-37. Voltmeters are used to test a mechanical switch by testing the voltage into and out of the switch. 
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Before taking any AC voltage measurements using a digital multimeter, ensure the meter is designed to take 
measurements on the circuit being tested. Refer to the operations manual of the test instrument for all measuring 
precautions, limitations, and procedures. Always wear required personal protective equipment and follow all 
safety rules when taking a measurement. To test a mechanical switch, apply the following procedures: 


© Set the function switch of the voltmeter to AC voltage. . 
Ө Connect the test leads of the voltmeter to the meter jacks as required. 


© Measure the voltage into the switch. Connect the voltmeter between the common and hot conductor of 
the switch. The negative voltmeter test lead can be connected to ground instead of the common when 
the common conductor is not available in the same box in which the switch is located. The problem is 
located upstream from the switch when there is no voltage present or the voltage is not at the correct 


level. The problem may be a blown fuse or open circuit. Voltage must be reestablished to the switch 
before the switch can be tested. 


Ө Measure the voltage out of the switch. Volt- 
age must be present when the switch contacts 
are closed. There must not be voltage when 
the switch contacts are open. The switch has 
an open and must be replaced when there is 
no voltage reading in either switch position. 
The switch has a short and must be replaced 
when there is a voltage reading in both switch 
positions. Voltage drop of more than 100 mV 
indicates pitted or burned contacts. 


(5) Remove the voltmeter from the circuit. 


WARNING 
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circuit control. Use a voltmeter to ensure that power is OFF. 


Solid-State Switches 


A solid-state switch is a switch with no moving 
parts (contacts). A solid-state switch uses a triac, 
SCR, current sink (NPN) transistor, or current 
source (PNP) transistor to perform switching func- 
tions. Triacs are used for switching AC loads and 
SCRs are used for switching high-power DC loads. 
NPN and PNP transistors are used to switch low- 
power DC loads. Solid-state switches have outputs 
classified as normally open, normally closed, or 
combination switching. See Figure 5-38. 


Testing Two-Wire Solid-State Switches 


A two-wire solid-state switch has two terminals 
for connecting wires (not including a ground). A 
two-wire switch is connected in series with the 
controlled load. A two-wire solid-state switch 15 
also called a load-powered switch because the 
switch draws operating current from the power 
source and allows the operating current to return 
to the power source through the load. The operat- 
ing current (small amount that is not enough to 
power the load) flows through the load when the 
switch is not conducting (load OFF). Operating 
current is also called residual current or leakage 
current by some manufacturers and is measured 
with an ammeter when the load is OFF. See 
Figure 5-39. 
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SOLID-STATE SWITCHES 
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Figure 5-38. Solid-state switches include transistors, silicon 
controlled rectifiers, triacs, and alternistors. 


Technical Tip 


The SCR differs from an ordinary semiconductor diode in that 
it will not pass significant current, even when forward biased, 
unless the anode voltage equals or exceeds the forward break- 
over voltage. When forward breakover voltage is reached, the 
SCR will switch ON and become highly conductive. 


Test Instruments 


The total current in a circuit is a combination of the operating current and load current when the switch is 
conducting (load ON). A solid-state switching device must be rated high enough to carry the operating cur- 
rent and the load current required for the circuit. Total current is measured with an ammeter when the load 
is ON. ; 


TESTING TWO-WIRE 
The current draw of a load must be sufficient - SOLID-STATE SWITCHES 


to keep the solid-state switch operating when the 
switch is conducting (load ON). Minimum hold- 
ing current is the minimum current that ensures 
proper operation of a solid-state switch. Minimum 
holding current values range from 2 mA to 20 mA 
for most solid-state switches. 


Operating current and minimum holding cur- 
rent values are typically not a problem when a A— 

: ; ; SWITCH NOT 
solid-state switch controls low-impedance loads CONDUCTING 
such as motor starters, relays, and solenoids. 
Operating current and minimum holding current 
values are a problem when a switch controls 
high-impedance loads such as programmable con- 


LOAD OFF 


о : 100 mA LOAD 
trollers and other solid-state devices because the TWO-WIRE ( ) 
: shi SOLID-STATE OPERATING CURRENT 
operating current is high enough to affect the load SWITCH CURRENT ELOWING 
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WHEN LOAD IS OFF 


a programmable controller could mistakenly use 
OPERATING CURRENT 


the operating current as an input signal. 
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Figure 5-39. A two-wire solid-state switch is also called a 
ы me DELAY oe Det load-powered switch because the switch draws operatin 
MECHANICAL SOLID-STATE Р р 9 
SWITCH SWITCH current from the power source and allows the operating cur- 
rent to return to the power source through the load. 
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Two-wire solid-state switches connected in series affect the operation of a load because of the voltage drop 
across the switches. A two-wire solid-state switch drops about 3 V to 8 V. The total voltage drop across the 
switches equals the sum of the voltage drops across each switch. No more than three solid-state switches are 
allowed to be connected in series due to the voltage drop created by each switch. See Figure 5-40. 

Two-wire solid-state switches connected in parallel affect the operation of a load because each switch has 
operating current that is flowing through the load. The load may turn ON when the operating current through 
the load becomes excessive. The total operating current equals the sum of the operating currents of each switch. 
No more than three solid-state switches should be connected in parallel. 
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Figure 5-40. Solid-state two-wire switches have voltage 
drops of about 3 V to 8 V that must be accounted for when 
incorporating the switches for use. 


` 


A suspected fault in a two-wire solid-state 
switch is tested using a voltmeter. A voltmeter is 
used to test the voltage into the switch and out of 
the switch. See Figure 5-41. 
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Figure 5-41. Voltmeters are used to test two-wire solid- 
state switches by testing the voltage into and out of the 
switches. 


Test Instruments 


Before taking any AC voltage measurements using a digital multimeter, ensure the meter is designed to 
take measurements on the circuit being tested. Refer to the operations manual of the test instrument for all 
measuring precautions, limitations, and procedures. Always wear required personal protective equipment and 
follow all safety rules when taking a measurement. To test a two-wire solid-state switch, apply the following 
procedures: 


Ө Set the function switch of the voltage meter to measure AC voltage. 
O Connect the test leads of the voltage meter jacks as required. 


O Measure the supply voltage into the solid-state switch. The problem is located upstream from the switch 
when there is no voltage present. The problem may be a blown fuse or open circuit. Voltage to the solid- 
state switch must be reestablished before the switch is tested. 


Ө Measure the voltage out of the solid-state switch. The voltage should equal the supply voltage minus the 
rated voltage drop (3 V to 8 V) of the switch when the switch is conducting (load ON). Replace the switch 
when the voltage output is not correct. 


® Remove the voltmeter from the circuit. 


WARNING _ A 


Testing Three-Wire Solid-State 
Switches 


A three-wire solid-state switch has three termi- 
nals for connecting wires (exclusive of ground). 
A three-wire solid-state switch is connected in 
series with the control load and is also connected 

to a power source. À three-wire solid-state switch | | 
draws operating current directly from a power 
source and does not allow the operating current 
to flow through the load. 


A three-wire solid-state switch is also called 


Always ensure power is OFF before replacing a control switch. 
Use a voltmeter to ensure that power is OFF. 


PROXIMITY SWITCH 


SWITCH x LOAD 


a line-powered switch because the switch draws и "Él ш 
operating current from a power line. The two types | г OPERATING CURRENT 
of three-wire solid-state switches are the current 

source (PNP) switch and the current sink (NPN) PNP SWITCH 


switch. See Figure 5-42. 
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Figure 5-42. Three-wire solid-state switches (current source 
or current sink) are also called line-powered switches because 
the switch draws operating current from the power lines. 


A clamp-on meter can be used to troubleshoot solid-state devices by testing 
for voltage, current, and resistance. 
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Three-wire solid-state switches connected in series affect the operation of the load because each switch 
downstream from the last switch must carry the load current and the operating current of each upstream switch. 
An ammeter is used to measure operating and total current values. The measured values must not exceed the 
maximum rating of the solid-state switch manufacturer. See Figure 5-43. 

Three-wire solid-state switches connected in parallel affect the operation of the load because a noncon- 
ducting switch may be damaged by reverse polarity. A blocking diode must be added to each switch output 


to prevent reverse polarity on the switch. 
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Figure 5-43. Three-wire solid-state switches connected in 
series affect the operation of the load because each switch 
must carry the load current and the operating current of each 


switch in the circuit. 


Troubleshooting Tip 


FINDING TOTAL RESISTANCE 


Series Resistances 
A series circuit has an 18 Q resistance, a 44 2 
resistance, and a 31 Q resistance. What is the total 
resistance of the circuit? 
А. = А, + В, + Н, 
where 
Hi, = total resistance (in Q) 
В, = resistance 1 (in ©) 
R, = resistance 2 (in Q) 
R, = resistance 3 (in Q) 


3 
А, = Н + Н, + R, 
А, = 18 + 44 + 31 
А, = 93 О 


Parallel Resistances 

A parallel circuit has an 18 © resistance, a 44 О 
resistance, and a 31 О resistance. What is the total 
resistance of the circuit? 


where 
Hi, = total resistance (in Q) 
R, = resistance 1 (in О) 
R, = resistance 2 (in Q) 


R, = resistance 3 (in Q) 
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Test Instruments 


A suspected fault with a three-wire solid-state 
switch is tested using a voltmeter. A voltmeter is 
used to test the voltage into the switch and out of 
the switch. See Figure 5-44. 


_THREE-WIRE SOLID-STATE 
SWITCH TESTING PROCEDURES 
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Before taking any AC voltage measurements 
using a digital multimeter, ensure the meter is 
designed to take measurements on the circuit be- 
ing tested. Refer.to the operations manual of the 
test instrument for all measuring precautions, 
limitations, and procedures. Always wear required 
personal protective equipment and follow all 
safety rules when taking a measurement. To test 
a three-wire solid-state switch, apply the follow- 
ing procedures: 


© Set the function switch of the voltmeter to DC 
voltage. 


Ө Connect the test leads of the voltmeter to the 
proper jacks of the meter. 


© Measure the voltage into the solid-state switch. 
The problem is located upstream from the 
switch when there is no voltage present or the 
voltage is not at the correct level. The problem 
may be a blown fuse or open circuit. Voltage 
to the solid-state switch must be reestablished 
before the switch is tested. 


Ө Measure the voltage out of the solid-state 
switch. The voltage should be equal to the 
supply voltage when the switch is conduct- 
ing (load ON). Replace the solid-state switch 
when the voltage out of the switch is not 
correct. 


Ө Remove the voltmeter from the circuit. 


WARNING A 
Figure 5-44. Voltmeters are used to test three-wire solid- A 
. . lt . 
state switches by esting the vo аде inio and out of the Make sure the voltage in the system under test does not exceed 


switches. the voltage rating of the meter being used for the lest. 


Test Instruments 


Earth ground test instruments are used for situ- 
ations where electrical grounding systems and 
ground resistance must be measured. These 
types of instruments include clamp-on amme- 
ters, clamp-on leakage current meters, electro- 
static locator meters, multimeters, three-terminal | 


AEMC® Instruments 


ground resistance meters, four-terminal ground 
resistance meters, and soil pH meters. 


GROUNDING 


Proper wiring and grounding are required in any electrical system for safe operation. Proper wiring requires 
that a system, all loads, and circuit components be properly grounded per NEC® requirements, OSHA require- 
ments, equipment manufacturer requirements, and all other codes for a given installation. A ground is a low 
resistance conducting connection between electrical circuits, equipment, and the earth. 

Proper grounding requires that a grounding system not only be installed correctly, but also be designed to 
last over the expected life of the electrical system and continue to properly operate even after sustaining large 
current faults. To ensure that a grounding system is installed properly, is in good working order, and will oper- 
ate for years, several tests must be made before, during, and after the system is installed. Grounding system 
tests include taking voltage measurements (system voltage and static electricity voltages), current measure- 
ments (system currents and leakage currents), and resistance measurements (grounding system resistance, soil 
resistance, and soil pH measurements). 

Soil resistance measurements are taken to determine the best location for the grounding electrode, grid, 
or grounding system. Soil resistance measurements are typically taken before a grounding electrode (grid or 
system) is installed. The resistance to earth of the grounding electrode is taken after the grounding electrode 
is installed to ensure that the grounding system meets the required maximum resistance set by the NEC® and 
equipment manufacturers, and other grounding regulations and recommendations. Soil pH measurements are 
taken to determine if copper, stainless steel, or galvanized steel is the best material to use for a grounding 


electrode application. See Figure 6-1. 


Test Instruments 


GROUND TEST INSTRUMENTS AND METERS 


Test or Measurement 


Measuring circuit, system, or ground voltages 


Test Instrument 


Standard voltmeter 


Standard clamp-on ammeter 


Measuring circuit or system current 


Measuring ground leakage current Clamp-on leakage current meter 


Measuring static electrical charges Electrostatic discharge meter 


Measuring earth grounding system (ground rod/grid, ground Clamp-on ground resistance meter 
connections, etc.) resistance without disconnecting any part 


of the grounding system 


Measuring earth grounding system (ground rod/grid, ground 3-Terminal ground resistance meter 
connections, etc.) resistance before connecting the earth 


ground to the building grounding system 


Measuring the earth's resistance (resistivity) 4-Terminal ground resistance meter 


Measuring soil pH 


Figure 6-1. To install and troubleshoot grounding systems requires various types of test instruments. 


Test measurements and troubleshooting tech- 
niques used on grounding systems and components 
are somewhat different from measurements and 
troubleshooting techniques used with all other 
electrical systems and circuits. The difference 
exists because typical electrical circuits have a 
clear designated path for current to flow, a known 
voltage, and known electrical loads, but grounding 
systems only have flow when there is a problem. 


AEMC® Instruments 


Per the NEC®, grounding systems must have less than 25 Q of resistance 


to earth. 


Grounding systems create a path for current to 
flow, but during a problem, current can range froma 
couple of mA of unwanted static charge to induced 
voltages or fault currents of several thousand amps. 
Current flowing to ground through a grounding 
system is not constrained to follow any given path 
to earth as current would in a normal circuit. 

When measuring the resistance of electrical 
switches, components, insulation, and loads in elec- 
trical circuits, typically only ohmmeters or megohm- 
meters are required. Measuring the resistance of a 
grounding electrode (grid or system) buried in chang- 
ing soil conditions and temperatures, and meeting 
the NEC® requirement of a maximum of 25 Q fora 
grounding system, requires specialized measuring 
techniques using specialized test instruments. 

Even when a grounding system appears to be 
installed correctly, the system may still cause 
component, circuit, and system problems. For 
example, a grounding system that meets the NEC® 
requirement of a maximum 25 Q resistance will 
cause problems in audio systems, video systems, 
data distribution systems, computer systems, and 
other sensitive electronic equipment. Manufac- 
turers of sensitive electronic equipment clearly 
specify a required maximum ground resistance of 
1 Q or less for proper equipment operation. 
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Multiple circuits on a single ground, such as a 
stage that has electrical power cords, sound wires, 
and communication wires running all over, will 
experience problems such as speaker hum unless 
the grounding system is a couple of ohms or less in 
resistance. To solve speaker hum, illegal multiple 
ground connections are often made, but multiple 
grounds cause a ground loop problem. A ground 
loop is the circuit created by multiple earth ground- 
ing points containing a voltage potential between 
the ground points that is high enough to produce 
a circulating current in the grounding system. 
Ground loops cause electrical shocks to electricians 
and problems for electrical equipment. 


Troubleshooting Tip 


SERIES/PARALLEL TOTAL 
RESISTANCE 


What is the total resistance of a circuit containing a 
40 О and 60 © resistance connected in parallel and 
a 120 О and 96 О resistance connected in series? 


[Eis E ыл о ЕЗ 
Rp, + Ар, 

where 

В, = total resistance (in Q) 

R,, = resistance P1 (in Q) 

R,, = resistance P2 (in Q) 

Rg, = resistance 51 (in Q) 

R,, = resistance S2 (in Q) 

= He X Roo ae fae as Bis 

Poy + Hp, 

Е 60 7170 эв 
40+ 60 

В; = za +216 
100 

А; = 24 + 216 


В, = 240 О 


Grounding Systems 


The function of a ground (grounding system) is to 
provide a safe path for fault current to flow and to 
keep the electrical system at the same potential. 
A fault current is any current that travels a path 
other than the normal operating path for which a 
system was designed. The proper grounding of 
electrical tools, machines, equipment, and distri- 
bution systems is an important factor in preventing 
dangerous conditions and allowing electrical and 
electronic equipment to operate correctly. 
A grounding system is not just a green (or 
bare) wire, but also a complete low imped- 
ance (resistance) path from each grounded 
device, down through all conductors, to earth. 
The conductors include the wires, connec- 
tions (terminals), slices, grounding electrode 
ground electrode, grid, or system), and the soil. 
Grounding an electrical system to earth is accom- 
plished by connecting the grounding circuit to 
a metal underground electrode, the metal frame 
of a building, a concrete-encased electrode, or 
a grounding ring. See Figure 6-2. 


Types of Grounding 


The three categories of grounding are building 
grounding, equipment grounding, and electronic 
grounding. Each method performs a different pur- 
pose, and when combined, the methods provide 
a safe and effective grounding system for electri- 
cians and equipment. See Figure 6-3. 


Building Grounding. Building grounding is the 
connection of an electrical system to earth ground 
by using grounding electrodes, the metal frame 
of the building, concrete-encased electrodes, a 
ground ring, or an underground metal water pipe. 
Building grounding ensures that there is a low 
impedance (low resistance) grounding path for 
fault current (short to ground or lightning) to earth 
ground. A low impedance ground is a grounding 
path that contains very little resistance to the flow 
of fault current to ground. 


Test Instruments 


RESIDENTIAL AND COMMERCIAL GROUNDING SYSTEMS 


POWER WIRES \ 
FROM METER. NEUTRAL WIRE 
r1 FROM METER 


MBJ (MAIN ы 
BONDING JUMPER) — A - BONDING SCREW 


NEUTRAL BUSBAR 


GROUNDING SYSTEM 
^ REIR Coot NONMETALLIC 
BECOME ENERGIZED | 
e GROUND ROD, GUIDE, J 
PLATE, ETC. NONMETALLIC 
= GROUND BUSBAR CABLE 


BONDING SCREW METAL BOX 


GROUNDING SYSTEM NONMETALLIC NONMETALLIC 
CABLE CLAMP FITTING 


METAL BOX 
SINGLE-POLE 
SWITCH 


GEC (GROUNDING ELECTRODE 
CONDUCTOR) 


CONCRETE-ENCASED 
ELECTRODE 


-GROUNDED | GROUND RING 
CONDUCTOR 
TERMINAL 

BLOC 


ЕЗ АГ 


-ROD, PIPE, 
OR PLATE 
ELECTRODE 


Figure 6-2. A grounding system provides a safe path for fault current to flow to earth ground when the grounding circuit is 


connected to a metal underground electrode or other grounding device. 
ааваа SP SF ан ирта SS SPER ERO ODD SS SnD 


Technical Tip 


Article 250 of the NEC? covers bonding and grounding. The code includes specific requirements for systems, circuits, equipment to 
be grounded, circuit conductors, locations of grounding connections, types and sizes of bonding conductors and electrodes, methods 
of bonding and grounding, and conditions under which guards, isolation, or insulation may be substituted for grounding. 
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Building grounding also includes protecting the building, cooling tower, or outside structure from 
lightning strikes by providing the lightning a path to earth ground. A lightning rod grounding system must 
also have low resistance because of the high current requirements created by lightning. A failure of any 
part of a grounding system when carrying a lighting strike significantly increases the chance of electrical 
flashover causing building damage and fire. Test equipment such as a clamp-on ground resistance meter 
and procedures used to measure the resistance of an electrical distribution system are also used to test 
the earth grounding system. 


GROUND BUS 


PROGRAMMABLE 
CONTROLLER 


PROGRAMMABLE 
CONTROLLER 


PROGRAMMABLE 
CONTROLLER 
UNIT 3 


ELECTRONIC 
EQUIPMENT 
GROUNDING 


TYPES OF GROUNDING SYSTEMS 


HVAC 
EQUIPMENT 


TO ELECTRICAL SERVICE 
——— 
ABC ha 
SERVICE | BUILDING 
| EQUIPMENT GROUND 


GROUNDED 


ELECTRONIC CONDUCTOR 


GROUND 


MBJ (MAIN 


GROUND 


WIRE MUST BE || EGC (ELECTRICAL 
LARGE ENOUGH TO GROUNDING GEC (GROUNDING 


PROVIDE A LOW 
RESISTANCE PATH CONDUCTOR сагы 


ELECTRICAL 
EQUIPMENT 


EQUIPMENT 
GROUNDING 


BUILDING 
GROUNDING 


Figure 6-3. Building grounding, equipment grounding, and electronic grounding are the three types of grounding systems 
used to create a safe working environment for electricians. 


Test Instruments 


Electronic Grounding. Electronic grounding is the 
connection of electronic equipment to earth ground 
to reduce the chance of electrical shock by grounding 
the equipment and all non-current-carrying exposed 
metal. Electronic grounding is used primarily to 
provide a good ground for electronic systems to en- 
able better communication (less noise) with process 
control equipment and other systems. A good earth 
ground reduces static electrical charges, which al- 
lows signal integrity to be maintained for sensitive 
video, sound, data, medical, and security equipment, 
and programmable logic controllers (PLCs), com- 
puter numerical controls (CNC), and other electronic 
equipment. Signal reliability is difficult to maintain 
in electronic equipment where many signals are 
transmitting data at 5 V or less. 

Electronic grounding requirements are some- 
times in conflict with building and equipment 


Fluke Corporation 
Equipment grounding systems are tested to verify proper operation. Proper 
grounding prevents shock to electricians when equipment is contacted. 


Equipment Grounding. Equipment grounding 
is the connection of an electrical system to earth 
ground to reduce the chance of electrical shock 
by grounding all non-current-carrying exposed 
metal. The most important reason for ground- 
ing is to prevent electrical shock when a person 
comes in contact with electrical equipment or 
exposed metal. 

Non-current-carrying metal parts that are con- 
nected to a grounding system include all metal 
boxes, raceways, enclosures, metal equipment 
parts, and any metal a person might touch that is 
around an electrical circuit. A grounding circuit 
provides a path for unwanted fault current to travel 
to ground without injuring a person or damaging 
equipment. A fault current may exist because of 
insulation failure or a current-carrying wire mak- 
ing direct contact with a non-current-carrying 
metal part of a system. In a properly grounded 
system, the flow of fault current must trip the 
overcurrent protection device (fuse or breaker). 
When a fuse opens or a breaker is tripped, the 
circuit is opened and no current flows. Equipment 
grounding also helps to prevent electrical shocks 
from static electricity and static buildup in equip- 
ment. Static electricity can also cause fires and 
explosions when allowed to accumulate. 


grounding requirements. Problems occur because 
building and equipment grounding are primarily 
used for grounding to prevent electrical shocks 
and fires. The primary use of building and equip- 
ment grounding is to remove a fault current as 
fast as possible. The NEC® states that building 
and equipment grounding system must have a 
resistance of less than 25 Q. 

Electronic grounding is primarily used for 
electronic noise reduction by using a ground to 
eliminate (dump) noise and other unwanted in- 
duced interference (signals). The unwanted current 
that is removed to ground by electronic grounding 
systems is typically measured in milliamperes and 
continues to flow as long as the electronic equip- 
ment is connected. Manufacturers of electronic 
equipment and systems specify a grounding system 
with a resistance of 5 Q, 3 О, 1 Q, or less. 

A properly operating grounding system must 
meet the requirements and needs of the building, 
electrical equipment, and electronic equipment. 
All grounding requirements can be met by install- 
ing a grounding system with the lowest possible 
resistance, and by installing a system that will last. 
Test instruments are used to test new grounding 
system installations and for routine maintenance 
tests. Continued testing as part of a preventive 
maintenance program will assure that a grounding 
system is operating correctly and safely. 
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MEASURING GROUND FAULT 
CURRENTS 


All electrical circuits are designed with a normal 
path for current to flow. For example, the normal 
path of current flow for a standard 115 VAC cir- 
cuit is from a hot conductor, through the load, 
and back through the neutral conductor. Cur- 
rent should not be flowing through the ground 
conductor of an electrical circuit (24 V, 115 V, 
230 V, 460 V) at any time. Current only flows 


[Troubleshooting Tip | Tip 


GROUND FAULT CURRENT 
MONITORS 


Ground fault current monitors operate on the 
principle of residual current measurement. All circuit 
conductors (except ground) are enclosed by the 
current transformer of the monitor. When no fault 
is present in the electrical system, the sum of all 
currents is zero and no voltage is induced in the 
current transformer of the monitor. When a fault is 
present, a current imbalance is sensed by the current 
transformer and evaluated by the monitor. 


CURRENT TRANSFORMER 


TRANSFORMER 
through the ground conductor when a fault \ HOT 
occurs in the circuit. Typical faults that cause 
current to flow through a grounding conductor 
include short circuits, insulation breakdown, 
moisture, corrosion, damaged wires, and illegal 


neutral to ground connections. See Figure 6-4. 


GROUND FAULT 
CURRENT MONITOR 


Clamp-on Leakage Current Meters 


A short circuit allows a large amount of current to flow from the hot conductor through the ground conduc- 
tor and causes the circuit fuses to blow or breakers to trip. Fault currents from a short circuit must only flow 
through a ground conductor for a very short period of time (until the fuse or breaker opens the circuit). Problems 
such as a low resistance path between the hot conductor and ground conductor allow current to flow through 
the ground conductor for as long as the circuit is in operation or until the combined load current and leakage 
current is enough to open the fuse or breaker. Leakage current is current that leaves the normal path of current 
flow (hot to neutral) and flows through a ground wire. 

Clamp-on ammeters are used to measure current in a wire without opening the circuit. Standard clamp-on 
ammeters are designed to measure currents that are typically higher than 0.2 A (200 mA). Standard clamp-on 
ammeters are the best test instrument for measuring load or circuit currents. Clamp-on ammeters are used to 
measure current on any hot, switched, or neutral conductor. 

Grounding conductors must not carry any load current except during a fault condition. When a grounding 
conductor is carrying current, a problem exists. Although standard clamp-on ammeters are used to measure 
current on grounding conductors, they are limited to measuring only ground fault currents above the mini- 
mum-measurement limit of the meter. Because ground currents of only a few milliamps are a problem and 
cause safety hazards (electrical shocks, heat, or sparks), standard clamp-on ammeters must not be used as a 
test instrument for measuring leakage currents in grounding systems. 

When leakage current or very small amounts of current must be measured with a clamp-on ammeter, a clamp- 
on leakage current ammeter must be used. A clamp-on leakage current meter is an ammeter that can measure 
currents as low as a few milliamps (mA). Most clamp-on leakage current ammeters include several measuring 
ranges (0-30 mA, 300 mA, 30 A, and 300 A) to make the ammeter more versatile. The difference between a 
standard clamp-on ammeter and a clamp-on leakage current ammeter is that a clamp-on leakage current ammeter 
can accurately measure currents of a few milliamps (using their lower measurement range). See Figure 6-5. 


Test Instruments 


MEASURING GROUND FAULT CURRENTS 


NEUTRAL GROUND 


5 
4y CONDUIT 


QY 
5 4 


PULL BOX 


PULL BOX 


CONDUIT: -— : CONDUIT 


GROUNDED Vae ATA GROUNDED 
OUTLET ! Ae OUTLET 


NORMAL CURRENT FLOW 19 CURRENT RETURNS TO 


FOLLOWS DESIGNATED 1 
PATH THROUGH GROUND OR POWER SOURCE 


CONDUCTORS AND LOAD 


POWER CORD 


SHORT CIRCUIT 
BETWEEN CONDUCTORS 


NORMAL CURRENT FLOW SHORT CIRCUIT 


Figure 6-4. Current only flows through a ground conductor when a fault occurs in an electrical system or circuit. 
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MEASURING LEAKAGE CURRENT 


0.015 А = 15 mA 1.25 А = 1250 тА 


LOAD OFF LOAD ON 


1.25 ALOAD = 3 
(1250 mA) ML HOT HOT 
| CONDUCTOR CONDUCTOR 


MOISTURE 
IN CONDUIT 


FINISHED GRADE 


GROUND GROUND 
CONDUCTOR CONDUCTOR 


Ee HOT 
CONDUCTOR 


COMMON COMMON 
CONDUCTOR CONDUCTOR 


GROUND 


CONDUCTOR COMMON INSULATION BREAKDOWN 
CONDUCTOR (15mA LEAKING CURRENT 
TO GROUND - LOAD ON 
AND OFF) 


Figure 6-5. When leakage current must be measured with a clamp-on ammeter, a clamp-on leakage current ammeter is 
used that measures currents as low as a few milliamps (mA). 


Clamp-on Leakage Current Ammeter 
Measurement Procedures 


Clamp-on leakage current ammeters are typically 
used to measure leakage currents on ground conduc- 
tors. Clamp-on leakage current ammeters are used to 
measure current on individual conductors to a load 
(motor or heating element), an individual circuit, a 
branch circuit, or the main ground conductor. For 
example, a clamp-on leakage current ammeter can 
be used to isolate a repeatedly tripping GFCI recep- 
tacle, breaker problem to a faulty GFCI, oran actual 
leakage current problem. When troubleshooting 
ground leakage problems, electricians should take 
measurements of the grounding system and earth 
grounding system. When leakage current to ground 
is found, electricians must troubleshoot through the 
electrical system to individual branch circuits and 
loads to isolate the problem. See Figure 6-6. 


Ideal Industries, Inc. 
Clamp-on leakage current ammeters are used to measure leakage currents 
or the resistance of grounding wires and/or rods. 


Test Instruments 


Refer to the operating manual of the test 
instrument for. all measuring precautions, 
limitations, and procedures. To test for leak- 
age current on any circuit, apply the following 
procedures: 


Ө Set the function switch of a clamp-on ammeter 
.to a measuring range higher than the expected 
circuit current. When the circuit current is 
unknown, start with the highest measuring 
range of the ammeter. 


Ө Open the jaws of the clamp-on ammeter by 
pressing against the trigger. 


O Enclose only one conductor or grounding elec- 
trode in the jaws. Ensure the jaws are completely 
closed before taking any measurements. 


О Read the current measurement displayed. The 
greater the current in the grounding circuit, 
the greater the problem. 

To isolate leakage current problems apply the 
following procedures: 


© With the clamp-on leakage current ammeter 
connected to the main ground, turn off one 
circuit (circuit breaker) at a time and observe 
the ammeter reading. When the leakage cur- 
rent measurement decreases significantly, the 
circuit with the problem has been identified. 


Q Move the clamp-on leakage current ammeters 
to each individual ground conductor to isolate 
the circuit with the problem. 


Q Once the circuit with the problem is identified, 
isolate individual loads on the circuit by re- 
moving loads from the circuit and testing the 
individual grounds separately with a clamp-on 
leakage current ammeter. 


Ө Test any electrical equipment that indicates a 
leakage current problem by performing a high 
voltage insulation test using a megohmmeter. 


© Remove the clamp-on leakage current am- 
meter from the grounding system. 


MEASURING STATIC ELECTRIC CHARGES 


Proper grounding also protects electrical and electronic equipment from false operation, failure, or damage 
from such problems as induced noise (low-level voltages). Grounding and shielding conductors can reduce 
unwanted noise. Reducing noise is important in low voltage (less than 5 V), low current (4 mA to 20 mA) 
signal circuits. Low-level signal circuits are seriously affected by electrical noise (magnetic fields) induced 
into control circuit wiring. Induced noise produces intermittent control circuit malfunctions. Twisted wire 
pairs and coaxial cable help reduce noise induced by magnetic fields. Only one end of a shielded conductor 
must be grounded to prevent a ground loop problem. A grounded shield diverts unwanted induced interfer- 
ence to ground. 

In addition to induced noise problems, a static electric charge can also cause false operation, failure, or 
damage to sensitive electrical and electronic equipment. Any moving objects, such as paper, conveyor belts, 
belt drives, and fabrics, develop a very high static charge of several thousand volts (at low current levels) ina 
production facility. Static charges produce annoying shocks, and have caused fires and explosions. A properly 
operating grounding system reduces static charges. 
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CLAMP- ON LEAKAGE CURRENT AMMETER — LEAKAGE CURRENT 
_ MEASUREMENT PROCEDURES 
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Figure 6-6. Clamp-on leakage current ammeters are used to measure leakage current from individual load conductors, 
individual circuits, branch circuits, or the main ground conductors. 


Electrostatic Discharge (ESD) Meter Electronic controls (SCRs, GTOs, ВІТ, 
FETs, and IGBTs) that are part of an integrated 
electronic control circuit can be damaged by cur- 
rents as small as 1 mA (0.001 A) and voltages of 
10 V or more. On a dry day an electrician can 
develop a static charge of several thousand volts, 
and touching an electronic circuit discharges the 
static charge into the circuit components. ESD 
damages or destroys semiconductors and other 
sensitive electronic components. The potential for 
damage caused by ESD must be understood when 
working with or around electronic devices such as 
Technical Tip computers, PLCs, and electric motor drives that 
include integrated circuits (ICs). 


Electrostatic discharge (ESD) is the movement 
of static electricity (electricity at rest) from the 
surface of one object to another object. Static 
electricity exists on plastic, fabric, paper, and 
other objects and is discharged when human skin 
or any other object at a different voltage potential 
comes in contact with the surface. 


Containers used to store and uum YID [RATE Jm 
always be grounded to prevent flashing caused by ESD. 


Test Instruments 


The two general categories of integrated circuits (ICs) are the transistor-transistor logic (TTL) family and 
the metal-oxide-semiconductor (MOS) family. MOS-based integrated circuits are extremely susceptible to 
damage from ESD. Sensitive electronic components such as MOS-based integrated circuits are shipped in 
static-shielded wrapping that guards against ESD damage. Electronic components are also susceptible to dam- 
age from improper handling before and after being installed in a circuit. Electronic components located on 
printed circuit (PC) boards are typically not replaced; the entire board is changed out. Due to the sensitivity 
of PC board components, care must be taken when working near PC boards or replacing PC boards. 

To prevent ESD from damaging electronic components inside electronic equipment, take the following 
precautions: 

* Discharge any static charge buildup by touching a conductive surface such as grounded conduit before 
touching electronic components or PC boards. Manufacturers recommend wearing a wrist strap when 
working with sensitive electronic components to prevent ESD. See Figure 6-7. 

* Touch the insulated edge of PC boards and not the components when replacing PC boards inside electronic 
equipment. 

* Ground the equipment being tested or serviced to ensure that all electronic circuits in the equipment are 
grounded. 


ELECTROSTATIC DISCHARGE WRIST STRAP PROTECTION 


ELASTIC бы с 
WRIST STRAP j : ELECTROSTATIC DISCHARGE 
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Figure 6-7. A wrist strap grounds an electrician when working with sensitive electronic equipment and components. 
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Electrostatic charges build up on almost any material and cause problems with electronic circuits and con- 
trols. When electrostatic charges are a problem, or can be a problem, an electrostatic discharge meter is used to 
measure static charge on a surface or object. An ESD meter measures the amount of static charge contained in 
an object. Knowing the source and amount of static charge is the first step in eliminating the problem. Proper 
grounding is the typical solution to static charge problems, but other steps may be required to eliminate static 


charge problems completely. 


Electrostatic Discharge (ESD) 
Measurement Procedures 


On conductive surfaces, static electric charges 
can move and do not typically cause a problem. 
However, on insulated surfaces, static electric 
charges build up and can be a problem. A volt- 
age on a conductive surface is the same at all 
points of the surface and can be measured witha 
voltmeter. Static charge voltages on an insulated 
surface are not the same across the surface but 
are higher near the center of the surface and 
lower at the edges. 

To measure the amount of static charge at 
various locations, an ESD meter is used. An 
ESD meter measures the voltage of the static 
charge and polarity of the voltage without mak- 
ing contact with the surface. Not making contact 
with the surface having the static charge allows 
taking accurate measurements without discharg- 
ing the static charge. ESD meters measure very 
high voltages because static charges can be tens 
of thousands if not hundreds of thousands of volts 
(at very low currents). See Figure 6-8. 

Before taking any static charge measurements 
using an ESD meter, ensure the meter is designed 
to take measurements on the equipment being 
tested. Refer to the operating manual of the test 
instrument for all measuring precautions, limi- 
tations, and procedures. Always wear required 
personal protective equipment and follow all 
safety rules when taking the measurement. To 
measure an electrostatic charge, apply the fol- 
lowing procedures: 


© Connect the ESD meter according to manu- 
facturer recommendations. Typically this in- 


Ө Turn the ESD meter ON and zero the meter 
as recommended by the manufacturer. 


© Without touching the object, point the probe 
of the meter toward the object being tested. 
Some ESD meters provide a standard spacing 
arm that allows for constant distance measure- 
ments for each reading—typically 1” or 2” 
from the surface being tested. 


Read the voltage of the static charge; it is 
normally read in kV. 


Q When a static electric charge that is high 
enough to cause a problem is present, ground 
the charged area to earth ground. 


Q Remove the ESD meter from the test area. 


——— 


Siemens Corporation 
During the manufacturing of test instruments or any electrical boaras, 
the surface mount machinery and the environment must be static free. 


cludes connecting the meter to earth ground. 


Test Instruments 
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Figure 6-8. To measure the amount of the static charge at a location, an electrostatic discharge meter is used that can 
measure voltage in tens of thousands if not hundreds of thousands of volts. 


ES . Troubleshooting Tip 


ELECTROSTATIC METERS 


* voltage difference across the thickness of a 


To measure static electricity, a meter must be capable material 
of measuring at least one of the following: * DC electric field strength of air at test point 
* amount of charge (voltage) on surfaces * approximate conductivity of surfaces 
* number of air ions (per cm? per second) that hit a * approximate attractive/repulsive force between 


surface charged surfaces 
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ELECTRICAL SERVICE EQUIPMENT GROUNDING 


A ground is provided at the main electrical service or at the source of a separately derived system (SDS). A 
separately derived system (SDS) is a system that supplies electrical power derived or taken from transformers, 
storage batteries, solar photovoltaic systems, or generators. The vast majority of SDSs are produced by the 


secondary side of a power distribution transformer. 


An SDS is typically used to establish a new voltage level, lower the power source impedance, and isolate 
part of the power distribution system. Because an SDS does not have direct electrical connections to any other 
part of a supply distribution system (transformers magnetically couple), a new ground reference is required. A 
proper ground reference is required for safety and proper equipment operation and is established by making 


a ground connection between the SDS and earth ground. 


Neutral to Ground Connections 


A neutral to ground connection must be made at 
the transformer or at the main service panel only. 
The neutral to ground connection is made by con- 
necting the neutral bus to the ground bus with a 
main bonding jumper (MBJ). A main bonding 
jumper (MBJ) is a connection in a service panel 
that connects the equipment grounding conductor 
(EGC), the grounding electrode conductor (GEC), 
and the grounded conductor (neutral conductor). 
See Figure 6-9. 

An equipment grounding conductor (EGC) 
is an electrical conductor that provides a low- 
impedance grounding path between electrical 
equipment and enclosures within the distribution 
system. A grounding electrode conductor (GEC) 
is a conductor that connects grounded parts of a 
power distribution system (equipment grounding 
conductors, grounded conductors, and all metal 
parts) to the NEC®-approved earth grounding 
system. A grounded conductor is a conductor such 
as a neutral conductor that has been intentionally 
grounded. 


Ground Loops 


Neutral to ground connections must not be made 
in any subpanels, receptacles, or equipment. 
When a neutral to ground connection is made any- 
where except in the main service panel, a parallel 
path for the normal return current from a load is 
created. The parallel flow path allows current to 
flow though metal parts of the system. The NEC? 
does not allow neutral to ground connections that 
create ground loops because power quality prob- 
lems are created. In addition to not connecting 
the neutral to ground in subpanels, no additional 
earth grounds such as grounding electrodes can 
be established. An additional, separate, isolated 
grounding electrode creates two ground referenc- 
es that are typically at different voltage potentials. 
The two grounding electrodes result in current 
circulating and forming a ground loop between the 
two grounding electrodes in an attempt to equal- 
ize the difference in voltage potential. A ground 
loop is a circuit that has more than one grounding 
point connected to earth ground, with a voltage 
potential difference between the grounding points 
high enough to produce a circulating current in the 
grounding system. Current circulation is caused as 
current flows from a higher voltage potential to a 


lower voltage potential. A voltage potential exists 
because there is a difference in impedance (total 
resistance, inductance, and capacitance) between 
the two grounding points. See Figure 6-10. 


Technical Tip 


Ground continuity ground bond testers verify that connec- 
tions between conductive wiring and grounded power cords 
are safe, even if there is exposed wiring. Underwriters Labo- 
ratories (UL) requires ground continuity testing on all corded 
electrical devices sold in the United States. 


Test Instruments 
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Figure 6-9. A neutral to ground connection must be made at the transformer or at the main service panel only and is made 
by connecting the neutral bus to the ground bus with a main bonding jumper (MBJ). 
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GROUND LOOPS 
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Figure 6-10. A ground loop is a circuit that has more than one grounding point connected to earth ground, with a voltage 
potential difference between the grounding points high enough to produce a circulating current in the grounding system. 
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Receptacle Ground Measurements 


Power is delivered to loads at a convenient location by receptacles (outlets). Common receptacle types include 
the standard duplex, isolated ground, and GFCI (ground-fault circuit interrupter) receptacles. The standard 
duplex receptacle is the most common type used in general wiring. The isolated ground receptacle, identified 
by an orange triangle, is used to reduce electrical noise problems by running a separate ground conductor 
back to the electrical system ground. A GFCI receptacle detects ground faults and quickly disconnects power 
from a circuit with a ground fault. 

When wiring a 120 V duplex receptacle, the neutral conductor is connected to the silver-colored screw, the hot 
conductor is connected to the brass-colored screw, and the ground (or bare) wire is connected to the green screw. Volt- 
age measurements taken at receptacles can be used to determine if an illegal neutral to ground connection exists. 

Voltage measurements taken at a receptacle with a standard voltmeter are used to test a receptacle for proper 
wiring and to determine the approximate load on a branch circuit without exposing the circuit wires. A voltmeter 
with PEAK, MIN MAX, and other special measuring functions is used to test an electrical system for basic power 
quality problems by testing for peak voltage or minimum and maximum voltages that are recorded over time. 


Test Instruments 


Receptacle Grounding Measurement 
Procedures 


Each receptacle in a system must be checked 
for proper wiring and possible problems. See 
Figure 6-11. 

Before taking any voltage measurements using 
a voltmeter, ensure the meter is designed to take 
measurements on the equipment being tested. 
Refer to the operating manual of the test instru- 
ment for all measuring precautions, limitations, 
and procedures. Always wear required personal 
protective equipment and follow all safety rules 
when taking the measurement. The following 
procedures are used to test receptacles (standard, 
isolated ground, or СЕС: 


Q Measure the voltage between the hot and 
neutral and between the hot and ground. When 
the receptacle is properly wired, there must 
be a measurement of approximately 115 V 
from the hot to the neutral, and 115 V from 
the hot to the ground. When voltage is pres- 
ent between hot and neutral, but not hot and 
ground, measure the voltage between the neu- 
tral and ground. When approximately 115 V is 
measured from the neutral to ground, the hot 
(black) and neutral (white) wires are reversed. 
Having the hot and neutral wires reversed is a 
safety hazard and must be corrected. 


Note: A standard digital voltmeter should 
not trip a GFCI when measuring the hot 
to ground voltage because standard digital 
voltmeters have a very high input impedance 
(resistance). When a standard digital voltme- 
ter trips a GFCI during a test, use a meter with 
higher impedance rating. 


O Measure the voltage from the neutral to the 
ground. There must be a low voltage on the 
neutral wire carrying current when a recep- 
tacle is supplying power to load(s) on the 
branch circuit. The difference in voltage po- 
tential is caused by a voltage drop across the 
neutral conductor because the conductor has 
resistance and is carrying current. The higher 
the power rating of the load(s), the greater 
the measured voltage on the neutral wire. A 
measurement of .5 V to 3 V indicates an illegal 
neutral to ground connection and the circuit 
must be tested for the illegal connection. A 
measurement of 5 V or higher indicates that 
a branch circuit is overloaded. A current mea- 
surement, using a clamp-on ammeter, must be 
taken at the circuit breaker inside the power 
panel. 


© Measure the rms voltage between the hot slot 
and the neutral slot of the receptacle with 
all loads turned ON, and then with all loads 
turned OFF. When the voltage is low with 
loads ON (maximum recommended voltage 
is 3% less than voltage at the branch circuit 
breaker), the conductors may be too small or 
the branch circuit wiring may be too long. 


Ө Measure the peak voltage. The peak voltage is 
1.414 x the measured rms voltage. When the 
peak voltage is low, the voltage is flat-topping. 
Flat-topping is a condition that occurs when a 
sine wave has lower peaks from current drawn 
only at the peaks of the voltage. Flat-topping 
is typically caused by nonlinear loads such 
as computers. When peak voltage is low, use 
а power quality meter to display the voltage 
waveform, and test for flat-topping by exam- 
ining the voltage waveform. Test for voltage 
harmonics and record voltage sags, swells, and 


transients Over time to analyze the quality of 


AEMC® Instruments 
power present for loads. 


Indoor and outdoor receptacle grounding is tested by checking the voltage of the 
receptacle or the microamp current on the grounding wire to the receptacle. 
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RECEPTACLE GROUNDING MEASUREMENT PROCEDURES 
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Figure 6-11. Voltage measurements taken at a receptacle with a standard voltmeter or receptacle tester are used to test a recep- 
tacle for proper wiring and to determine the approximate load on a branch circuit with or without exposing the circuit wires. 
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Test Instruments 


| Technical Tip | Tip — 


An electrostatic discharge (ESD) of less than 1000 V can 
damage electronic equipment. Some typical values are walk- 
ing across a carpet, 1500 to 35,000 V; a worker sitting on a 
bench, 700 to 6000 V; a vinyl envelope, 600 to 7000 V; moving 
a plastic bag from a bench, 1200 to 20,000 V; and walking 
across an untreated vinyl floor, 250 to 12,000 V. 


GROUNDING SYSTEM 
MEASUREMENTS 


In a grounding system, the grounding electrode 
(grid or system) provides the physical connection 
to earth and is the physical device that is used to 
dissipate fault currents into the earth. Existing 
grounding electrodes and installed grounding 
electrodes are two main types of grounding 
systems. 

An existing grounding electrode is a standard 
part of a facility that includes metal underground 
water pipes, the metal frame of the building (if 
effectively grounded), and the reinforcing bars 
in concrete foundations. An installed grounding 
electrode is a grounding electrode installed specif- 
ically to provide a grounding system and includes 
rods, metallic plates, buried copper conductors, 
or pipes in the ground installed for grounding. 
Grounding rods are the most common type of 
grounding device used. See Figure 6-12. 

There are two basic resistance tests for ground- 
ing systems. The resistance of an installed ground- 
ing system is measured directly using clamp-on 
ground resistance meters. The resistance of a 
grounding system can also be measured indirectly 
by connecting a three-terminal or four-terminal 
ground resistance meter. Three-terminal and four- 
terminal ground resistance meters measure the 
resistance of the soil from the grounding system 
to electrodes driven at different locations. 


WARNING 1 
/ * 
4 A grounding system is designed to safely remove a fault current 


by directing the fault current down into the earth (ground). Fault 
currents from short circuits and lighting strikes can exceed 
hundreds of amps and occur at any lime. Even when an 
electrical system is designed to remove fault currents quickly, 
any fault current can cause serious injury to an electrician. 


Clamp-on Ground Resistance Meters 


Clamp-on ground resistance meters directly mea- 
sure the resistance of a grounding electrode or 
small grounding grid. Clamp-on ground resistance 
meters are used at any time, regardless of ground 
condition (frozen, wet, or dry). Clamp-on ground 
resistance meter measurements do not require 
any part of the ground system to be disconnected 
(opened) during the test. Although a clamp-on 
ground resistance meter appears to be a standard 
clamp-on ammeter and has the same clamp-on 
feature, the two meters are totally different. A 
standard current clamp-on meter measures the 
strength of the magnetic field produced by current 
flow when placed around a conductor. The clamp- 
on ground resistance meter includes a transmitter 
part that sends out a signal through the conduc- 
tor (typically the earth grounding system) and a 
receiver part that receives the transmitted signal 
back from the transmitter and uses the received 
information to determine (calculate) the resistance 
of the grounding system. 

Although the main function of a ground re- 
sistance meter is to measure the resistance of 
a grounding system, the meters include several 
other measuring functions that are related to 
taking ground resistance measurements. See 
Figure 6-13. The additional functions typically 
include the following: 


* Measuring higher circuit current, like a stan- 
dard clamp-on current meter. This function 
allows the current in the circuit to be tested 
before any resistance measurement is taken. 
Some current is acceptable, but higher currents 
prevent the accurate measurement of eround 
resistance. Most ground resistance measure- 
ments require that the current flow be less than 
5 A before an accurate resistance measurement 
can be taken. 


* Measuring leakage currents, like a clamp-on 
leakage current ammeter. The lower current 
rating allows for the troubleshooting of leakage 
current problems. 


* Data HOLD and other useful measurement 
functions (typically included on multifunction 
ground resistance meters). 
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Figure 6-12. Existing grounding electrodes and installed grounding electrodes are the two main types of grounding 
systems. 


Test Instruments 


Clamp-on Ground Resistance 
Measurement Procedures 


Before taking any current or resistance mea- 
surements using a clamp-on ground resistance 
meter, ensure the meter is designed to take 
measurements on the equipment being tested. 
Refer to the operating manual of the test instru- 
ment for all measuring precautions, limitations, 
and procedures. Always wear required personal 
protective equipment and follow all safety rules 
when taking the measurement. See Figure 6-14. 
The following procedures are used to take 
ground resistance measurements on grounding 
conductors, grounding electrodes, and other 
ground connections used with service entrances, 
transformers, utility grounds, transmission 
tower grounds, and communication ground 
systems: 


Q Determine the best position for taking a ground 
resistance measurement. The clamp-on ground 
resistance meter can be placed around the 
grounding conductor leading to the grounding 
system or to the grounding electrode. The jaws 
of a clamp-on ground resistance meter must 
be completely closed around the grounding 
conductor or grounding electrode. 


@ Set the function switch on the ground resis- 
tance meter to standard current measurement 
(or use a standard clamp-on ammeter). Mea- 
sure the current in the grounding system at 
the location in which the grounding resistance 
meter will be connected. When the ammeter 
measures more than 1 A or 2 A, there is a 
ground leakage current problem that must be 
corrected before proceeding with ground resis- 
tance measurements. Manufacturers of ground 
resistance meters specify the maximum cur- 
rent allowed in which a meter can take an ac- 
curate measurement (typically around 5 A). 


O set the function switch of the ground resis- 
tance meter to €) when the current through 
the grounding system is low. Place the jaws 
of the meter around the grounding conductor 
and measure the grounding system resistance. 
A grounding resistance meter will display the 
resistance of the grounding system. 


Q Take any additional measurements that are 
available, or needed, using the ground re- 
sistance meter. For example, most ground 
resistance meters have a ground leakage scale 
that allows for measuring small grounding 
leakage currents. 


Q Record all measurements taken. 


Q Remove the clamp-on ground resistance meter 
from the grounding circuit. 
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Figure 6-13. Ground resistance meters measure the resis- 
tance of a grounding system by transmitting a signal through 
a grounding conductor and using a receiver to determine (cal- 
culate) the resistance of the grounding conductor or system. 
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| Technical Tip | Tip E 


Digital resistance meters measure the electrical resistance 

of devices and systems. Measurements are displayed via 
digital readouts and shown in ohms and multiples. Additional 
options include programming interfaces, data storage, and 
event triggering. 
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CLAMP-ON GROUND RESISTANCE METER MEASUREMENT PROCEDURES 
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Figure 6-14. Ground resistance measurements are taken on grounding conductors used with service entrances, transform- 
ers, utility grounds, transmission tower grounds, and communication ground systems. 


A high resistance reading indicates a problem. The higher the measured ground resistance, the poorer the 
grounding system will operate. High resistance indicates any of the following: 

* Open, corroded, or damaged grounding system or connections. Open or loose connections and other dam- 
age can occur anyplace in the system (above or below the ground). Look for the obvious problems first, 
such as loose connections, corrosion, and damaged conductors. 

* [nsufficient grounding electrode, grid, or system size and incorrect type for soil conditions. Look for proper 
grounding practices, size, and number of electrodes typically used in the area. 

* Changing soil resistance. Grounding systems are required to last a long time, but soil conditions can change 
over the years. Look for any construction changes that may have taken place since the system was installed. 
Another cause of high ground resistance is a falling water table that leaves the grounding system in drier 
soil compared to when the system was installed. 


Test Instruments 


Measuring Grounding System Resistance 


The principles of Ohm’s law can be applied to measuring the grounding electrode resistance to ground after 
the grounding electrode (grid or system) is installed. Resistance measurements are taken to verify that the 
resistance of the grounding system is within required maximum resistance values. Ohm's law is the relation- 
ship between voltage, current, and resistance in an electrical circuit. Ohm’s law states that current in a circuit 
is proportional to the voltage and inversely proportional to the resistance. See Figure 6-15. 

When applying Ohm’s law to determine earth resistance, one metal electrode, two probes, a power supply, 
an ammeter, and a voltmeter are required. Rod number 1 is the grounding electrode to be tested. Rods 2 and 
3 are shorter rods (probes) driven into the earth about 8^ to 12" apart for test purposes only. 
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Figure 6-15. Resistance measurements are taken to verify that the resistance of a grounding system is within required 
maximum resistance values set by the NEC®. 
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The source voltage (from the power supply) 
is applied between the two outside rods (Rod 1 
and Rod 3). An ammeter is connected into the 
circuit to measure the current draw on the power 
supply. The current drawn from the power sup- 
ply is inversely proportional to the resistance of 
the circuit created (earth resistance). The lower 
the measured resistance, the higher the current 
capacity of the circuit, and the higher the mea- 
sured resistance, the lower the current capacity 
of the circuit. 

A voltmeter connected between Rods | and 2 
measures the voltage potential difference of the 
earth between the two points. Rod 2 can be moved 
(in a straight line) to points between Rods | and 3. 
As Rod 2 is moved closer to Rod 3, the voltmeter 
reads a higher voltage. When Rod 2 touches Rod 
3, the voltmeter will read the full voltage of the 
power supply. When Rod 2 is moved closer to 
Rod 1, the voltmeter indicates a lower voltage. 
When Rod 2 touches Rod 1, the voltmeter will 
read 0 V. 

Ohm's law is used to calculate the resistance 
for each point. Ohm's law states that the resistance 
(К) in a circuit is equal to voltage (E) divided by 
current (7). To calculate resistance using Ohm's 
law, apply the following formula: 


R== 
1 


where 
R = resistance (in Q) 
E = voltage (in V) 
1 = current (in A) 

Ohm's law can be applied to find the resistance 
of the earth grounding system between Rod 1 and 
Rod 2 by applying the following formula: 

E 


12 


ground-system = I 
earth 


where 
= resistance of the grounding 
system between Rod | and Rod 


ground-system 


For example, what is the resistance of the 
grounding system between Rod 1 and Rod 2, 
when the ammeter reads 0.5 A and the voltmeter 
reads 15 V? 


= E 
ground-system ME 

ш 
э Б 

=30 0 


ground-system 


The calculated resistance of a grounding sys- 
tem increases as Rod 2 is moved closer to Rod 3 
and decreases as Rod 2 is moved closer to Rod 
1. Using a series of measurements and Ohm’s 
law, the resistances of the earth and grounding 
electrode at various distances from the grounding 
electrode (Rod 1) to Rod 2 can be calculated and 
plotted. See Figure 6-16. 

For most measurements, a point is reached 
where the rate of increase in the resistance of the 
earth is low and remains relatively constant for a 
set distance. The area of measurement where the 
resistance remains relatively constant is referred 
to as the plateau area. Beyond the plateau area, 
the resistance of the earth from Rod | begins to 
increase again. The resistance of the earth rises 
sharply as Rod 2 becomes close to Rod 3. 


2 (in €2) 
E , = voltage measured between Rods | 
and 2 (in V) 
I = current flowing through the earth ee ше 


earth 


between Rods | and 3 (in A) 


Rod 2 (R2) is placed to start earth resistance measurements at 62% of the 
Rod 1 (R1) to Rod 3 (R3) distance. 


Test Instruments 
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Figure 6-16. The area of measured resistance that remains relatively constant is referred to as the plateau area. 


Chapter 6— Grounding Systems and Earth Ground Test Instruments 


MULTIPLE GROUNDING ROD SPACING | 


Field tests show that the acceptable value of the 
grounding system resistance is typically obtained 
on the curve when Rod 2 is placed about 62% of 
the distance from the grounding electrode (Rod 1) 
to Rod 3. In the example shown, the distance is i 
62’ (0.62 x 100’). Ae 


| RESISTANCE 
Doubling the distance between Rods | and 3 to AREAS 
200’ would result in placing Rod 2 at 124’ (0.62 x Үү 
200’) to obtain the typical earth resistance. Dou- UN _ 1/- READING 
А = VARIATION 
bling the distance between Rod 1 and Rod 3 would < 
in theory double the resistance between the rods 2 PERCENT OF TOTAL 
and that would reduce the current by half. Thus, T BIS TANCE РАСМ 
( ROD 1 TO ROD З 
the 62% placement of Rod 2 typically works for 100% OF DISTANCE 
most test distances. Thus, the 62% measurement B | 
is considered to be the actual ground resistance ROD SPACING TOO CLOSE 
for most applications. FOR EARTH MEASUREMENT 
During an earth resistance test, Rod 3 must 
be placed far enough from Rod 1 (the ground- EFFECTIVE RESISTANCE 


: : ; AREAS (NO OVERLAP 
ing electrode being tested) so that the effective | 


resistance areas to ground of Rod 1 and Rod 3 are 
not overlapping. The overlapping can be avoided 
by placing Rod 1 and Rod 3 far apart. Although 


the required distance between Rod 1 and Rod 3 Bu / ) 
varies with soil conditions, 100' is typically an VAAN // [| 
acceptable distance. When Rod 1 and Rod 3 are VAS IU 
not placed far enough apart, the measurements NA fie Y у 
when plotted will indicate an incorrect place- gJ 
ment. See Figure 6-17. E 
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Figure 6-17. Grounding rod overlapping must be avoided 
The maximum resistance value R,,,, that can be 


MAX by spacing Rod 1 and Rod З far enough apart (100!) so 
measured in mode MO depends on the rated voltage 


selected for the test. 


accurate measurements can be taken and plotted. 


When Rod ! and Rod 3 are not placed far 
enough apart, the measured resistance will continue 
to increase as Rod 2 is moved closer to Rod 3. 
There will be no leveling off (plateau) of resis- 
tance measurements, indicating that the distance 
between Rod 1 and Rod 3 must to be increased 


‚ veie (ЕС) and the measurements retaken. 
resistance (MQ) 


Test Instruments 


THREE-TERMINAL GROUND RESISTANCE MEASUREMENTS 


When performing an earth resistance test, a separate voltmeter, ammeter, and power supply are used to measure 
the grounding system resistance between two points (Rod 1 and Rod 2). Although the measurements are taken 
using individual meters and a power supply, in practical use, a self-contained ground resistance meter that 
includes all the required components for measuring ground resistance is used. A ground resistance tester used 
for measuring earth resistance is typically called a three-terminal ground resistance tester. See Figure 6-18. 
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Figure 6-18. Three-terminal ground resistance testers in- 
clude a voltmeter, ammeter, and power supply to measure 
the grounding system resistance between any two points. 


A ground resistance tester includes a power 
supply, a voltmeter, an ammeter, a display for 
direct readout of resistance, and all the required 
components for measuring earth resistance or 
the resistance of a grounding system. Ground 
resistance testers output a voltage that is at a 
frequency other than 60 Hz to ensure an accurate 
measurement. 

The measurement taken by a three-terminal 
ground resistance tester is often called the Fall- 
of-Potential method (or Three-Terminal method) 
because the voltmeter test leads connected to the 
moving rod (Rod 2) are actually measuring the 
voltage potential difference between the ground- 
ing electrode (grid or system) and Rod 2. The 
terminology used to identify Rod 1, Rod 2, and 
Rod 3 changes depending upon the manufacturer 
ofthe test instrument, but the measuring principles 
are the same. See Figure 6-19. 


GROUND RESISTANCE TESTER — 
JACK TERMINOLOGY 


Grounding Rod 
- Electrode Ius 


'Rod 1 - Rod X 
(Earth electrode) 


Rod 2 - Rod Y 
(Potential probe) 


Rod 3 - RodZ 
(Current probe) 


Figure 6-19. The terminology used to identify Rod 1, Rod 2, 
and Rod 3 changes depending upon the manvfacturer of the 
test instrument, but the measuring principles are the same. 
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Rule of Thumb for Spacing Grounding Electrodes 


No set distance between the placement of Rod 1 and Rod 2 can be provided because the distance is depen- 
dent upon how deep the electrode is in the earth, the thickness and type of material of the electrode, and 
the type of soil the grounding electrode is placed in. But, some general rules can be applied for most ap- 
plications. Use the following rules of thumb for the spacing of the test probes when taking a three-terminal 
earth resistance measurement: 

1. When testing a single earth electrode, Rod 3 is placed 50’ from the grounding electrode (Rod 1), and Rod 2 
is driven in the earth at a distance of 31’ from Rod 1 (0.62 x 50’ = 31’). 

2. For a small grid of two earth electrodes, Rod 3 is placed 100’ from the grounding electrode (Rod 1), and 
Rod 2 is driven in the earth at a distance of 62’ from Rod 1 (0.62 x 100’ = 62’). A 100’ spacing between 
Rod | and Rod 2 is typically adequate for most grounding system resistance measurements (except for 
the very largest grounding systems). 

3. Fora large grid of electrodes consisting of several electrodes or plates that are connected, the distance between 
Rod 1 and Rod 3 must be increased to 200’ or more. Rod 2 is placed at 62% of the chosen distance. 


Three-Terminal Ground Resistance Ө Connect the test leads of the ground resistance 
Measurement Procedures tester to the grounding electrode and test 
Before taking any earth and electrode resistance probes (Rod 2 and Rod 3). 


measurements using a three-terminal ground 
resistance tester, ensure the tester is designed to 
take measurements on the soil and electrode being 
tested. Refer to the operating manual of the test in- 
strument for all measuring precautions, limitations, 
and procedures. Always wear required personal 
protective equipment and follow all safety rules 
when taking the measurement. See Figure 6-20. 


Q Measure and record the earth resistance 
measurements. 


Ө Move Rod 2 ten feet to either side of the 62’ 
point (52’ and 72’ from Rod 1). When the 
three measurements are basically the same, 
the plateau area has been found and the 62’ 
reading is the reading of the grounding system 


А а : resistance. 
When measuring the resistance of the soil for 
a grounding system using a three-terminal ground © When the plateau for earth resistance is not 
resistance tester, apply the following procedures: found because Rod 3 is spaced too close to 


Rod 1, increase the distance between Rod 1 
and Rod 3 and perform the earth resistance 
test again. 


© Use manufacturer recommended measurement 
procedures for measuring earth resistance. 
Most ground resistance tester manufacturers 
also include a sheet for recording measure- 
ments. See Appendix. 


© Remove the groundin g resistance tester from 
the grounding system and earth. 


O Ensure the grounding electrode and system is 
not connected to the building ground. 


© Push or drive Rod 3 into the ground at about 


100' from the grounding electrode or ground- Technical Tip = | | = 
ing system being tested. Per Article 250 of the NEC®, grounding electrode conduc- 
: : tors should be attached to the grounding electrode by means 
© Push or drive Rod 2 into the ground at about [4 у 


; : ө of (1) а bolted clamp of cast bronze, brass, or cast malleable 
62 (62% point) from ue кыш ызан iron, (2) a pipe fitting or plug, and (3) a device that is screwed 
or grounding system being tested. into the pipe fitting or plug. Soldered lugs, pipes, and fittings 
are not permitted. 
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THREE-TERMINAL GROUND RESISTANCE TESTER MEASUREMENT PROCEDURES 


P) ENSURE GROUND ROD CIRCUIT LÐ USE PROCEDURES 
~ IS DISCONNECTED FROM RECOMMENDED BY 


TEST INSTRUMENT MEASURE AND RECORD 
jr se MANUFACTURER RESISTANCE MEASUREMENTS 


FIRST TEST SECOND TEST THIRD TEST 


BUILDING 
GROUNDING ROD 2 ROD 2 ROD 2 
OPEN FOR 
TEST PUSH ROD 2 PUSH ROD 3 
INTO GROUND INTO GROUND 


CONNECT 
TEST LEADS TO 
GROUNDING SYSTEM (£7 


ELECTRODE 
GROUND ELECTRODE 9 ELECTRODE EN 


ROD 1 ROD2 i ROD „= { 


(62’ FROM ROD 1) @ (100’ FROM ROD 1) Є 


—1096 THIRD ы, 
MEASUREMENT +10% SECOND 


MEASUREMENT 


MOVE ROD 2 10 – 
REPEAT TEST 


EGC MUST BE 


DISCONNECTED 
FROM BUILDING 


52 e 72 100% OF DISTANCE 
SS FROM ROD 1 
Ө ғ No PLATEAU, INCREASE @)REMOVE METER FROM PERCENT OF TOTAL DISTANCE TO ROD 3 


ROD 3 DISTANCE GROUNDING SYSTEM FROM ROD 1 TO ROD 3 


Figure 6-20. Before taking any earth and electrode resistance measurements, electricians must ensure that the grounding 
electrode and system are not connected to the building ground. 


Grounding Electrode Resistance 
Factors 


When the resistance of the earth grounding system 
is within the range specified by codes and stan- 
dards, no further ground resistance modifications 
or measurements need to be taken. However, when 
the earth resistance is too high, modifications to 
the earth grounding system must be made. The 
three factors that affect the amount of resistance 
an earth grounding system has are resistance of the 
grounding electrode, contact resistance between 
Tus ZU dime the electrode and earth, and resistance of the earth 


The measurements taken by a three-terminal ground resistance tester surrounding the electrode. 
measure the voltage potential between the grounding electrode and Rod 2. 


Chapter 6—Grounding Systems and Earth Ground Test Instruments 


Grounding Electrode Resistance. The resistance of a grounding electrode (grid or system) is very low due 
to the metal composition (galvanized steel, stainless steel, or copper) of the electrode and the size and shape 
of the electrode. Increasing the number of grounding electrodes and/or the size (length and/or diameter) of an 
electrode lowers the total resistance (law of resistance in a parallel circuit). When adding additional grounding 
electrodes, the rules of parallel resistance do not apply exactly mathematically. For example, adding a second 
grounding electrode of the same size (resistance) will not reduce the resistance of the grounding circuit by 
half, as occurs with parallel connected resistors of the same value. See Figure 6-21. 


GROUNDING RODS AND 


ELECTRODE RESISTANCE Contact Resistance between Grounding Electrode 
==" = and Earth. A grounding electrode placed in the earth 
RESISTANCE OF ROD 1 = 100% typically makes good contact with the earth during a 
RESISTANCE OF TWO RODS IN PARALLEL normal installation. When the earth is packed solid 
= 60% OF ROD 1 RESISTANCE against a bare metal electrode, very good electrical 
RESISTANCE OF THREE RODS contact is made. Water can be used to compress the 
IN PARALLEL = 40% OF ROD 1 soil around an electrode and lower the resistance of 

RESISTANCE : ps : 
the grounding system. Dry conditions and freezing 

RESISTANCE OF FOUR ей d dine el 
RODS IN PARALLEL = temperatures expan е soll around grounding elec- 

33% OF ROD 1 RESISTANCE trodes and increase the resistance of the system. 


Resistance of Surrounding Earth. The resistance 
of the earth differs from location to location and 
thus is the major variable factor in determining the 
resistance of a grounding system. There are occa- 
sions when an acceptable level of earth resistance 
cannot be found for the installation of a grounding 
electrode. When an acceptable resistance cannot be 
found, three methods are used to reduce the resis- 
tance of the earth. To reduce the total resistance of 
a grounding system do the following: 


* Increase the size of the grounding electrode. 
Use a longer and/or thicker electrode to in- 
crease contact area with the earth, lowering 
the resistance of the grounding system. 

EXISTING ELECTRODE * Use multiple grounding electrodes. Spacing of 

(or multiple electrodes is important and all NEC? 

and other requirements and recommendations 

must be followed. 


e Chemically treat the soil. Chemically treating 
the soil lowers the resistance of the grounding 
system but caution must be used because chemi- 
cally treated soil typically increases the corrosion 
process of metal parts because salts—typically 


FOUR RODS | í | 
calcium chloride (CaCO,) and sodium chloride 
Figure 6-21. When adding additional grounding elec- (NaCl)—are used. Also, chemically treated soil 
trodes, the rules of parallel resistance do not exactly apply may cause an environmental problem. 


mathematically. 
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FOUR-TERMINAL GROUND RESISTANCE MEASUREMENT 


Grounding provides a low impedance (resistance) path to earth for high fault currents from circuit shorts and 
lightning, and a path for low-level currents such as radio frequency interference, static electricity, and other 
unwanted currents in an electrical or electronic system. ' 

When a grounding system (electrode, grid, or loop) is placed in contact with the earth, the earth becomes 
part of the electrical system. The earth is used to carry fault currents away from the building and other areas 
of the electrical system where the fault current may cause damage such as electrical shock, equipment failure, 
or fire. The ability of the earth to carry fault currents is based on the resistance of the earth at the point of 
grounding electrode placement. The lower the resistance of the earth, the higher the current carrying capabil- 
ity of the grounding system. Soil resistance is measured by using four-terminal ground resistance testers. See 
Figure 6-22. 


FOUR-TERMINAL 


GROUND RESISTANCE TESTERS The total grounding system resistance decreases if additional 
EARTH ground rods are added in parallel, or if the area of the ground- 
ELECTRODE POTENTIAL ing system coming in contact with the earth is increased. 


JACKS PROBE sant CURRENT 


PROBE JACK 

Soil Resistance (Resistivity) 

The resistance (resistivity) of the earth (soil) var- 
ies with soil type, moisture content, temperature, 
and other factors. See Figure 6-23. The resistance 
of soil is measured to determine the following: 


e The type of soil conditions (chemical and mois- 
ture composition) in an area; the condition of 
the soil to be used for grounding is useful from 
a geological standpoint as well as an electrical 


3-TERMINAL 4-TERMINAL standpoint 
BUTTON BUTTON e The corrosive effects the soil may have on a 
AC POWER grounding system, and what material 1S best 
JACK > pec to use for the grounding system given the soil 
aussie = conditions | | 
PROBE JACK 4 | * The best design and type (electrode, grid, loop, 
% | or plate) of grounding system to be used 
z | PE 
POTENTIAL | n | The earth (soil) is part of the electrical system and 


ЕВОВЕ JACK can carry current like any metal conductor. However, 


unlike low resistance metal conductors, soil has a 
EARTH ox much higher resistance than metal conductors. Be- 
SHE _ HO ! sides using chemicals, soils are made to have a low 
resistance by making sure that the earth grounding 
system is in contact with a large area of soil. A large 
area of soil contact allows the laws of resistance for 
parallel circuits to be applied (the more resistances 
placed in parallel, the lower the total resistance). 


TEST BUTTON — 


Figure 6-22. Soil resistance is measured by using four- 
terminal ground resistance testers. 
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SOIL RESISTANCE (RESISTIVITY) 


Resistivity of 
Resistivity % in. (16 mm) 
(a/em) x 10 ft (3 m) 


[Avg | Min | Mex | 
2370 


Fills, ashes, brine, 

cinders, waste, 590 7000 

salt marsh 

Clay, shale, ? 

К шол 4060 | 340 | 16,300 | 13 


Soil, with added 
E 15,800| 1020 
Gravel, sand, 
stones, with little | 94,000 | 59,000] 456.000] 311 | 195 | 1516 
clay or loam 
20 


* based on 15.2% moisture (sandy loam) 


Figure 6-23. The resistance (resistivity) of the earth (soil) 
varies with soil type, moisture content, temperature, and 
other factors. 


Troubleshooting Tip 


CALCULATING EARTH RESISTANCE 


What is the resistance of the earth between the 
grounding electrode and Rod 2 when 500 V at 250 А 
is applied? 
Le 
l 
where 
R = resistance (in Q) 
E = voltage (in V) 
l= current (in A) 


Four-Terminal Ground Resistance 
Measurement Procedures 


A four-terminal ground resistance tester is used 
to measure ground resistance. When measuring 
ground resistance, four electrodes are driven into 
the ground. Unlike the three-terminal ground 
resistance testers, a four-terminal tester does not 
use the grounding electrode as one of the probes 
because the tester is used to measure the resistance 
of the earth, not the resistance of the earth and 
grounding electrode. See Figure 6-24. However, 
four-terminal ground resistance testers can be used 
as three-terminal grounding system resistance tes- 
ters by connecting two of the four tester terminals 
together (typically C1 and P1). 

Before taking any earth resistance measurements 
using a four-terminal ground resistance tester, ensure 
the tester is designed to take measurements on the 
soil being tested. Refer to the operating manual of 
the test instrument for all measuring precautions, 
limitations, and procedures. Always wear required 
personal protective equipment and follow all safety 
rules when taking the measurement. When measur- 
ing the resistance of the earth (soil) using a four-ter- 
minal ground resistance tester, apply the following 
procedures: 


Q Use the recommended measurement proce- 
dures from the test instrument manufacturer 
for measuring earth resistance. Ensure the 
grounding electrode or system is not con- 
nected to the building ground. 


Ө Push or drive all four test instrument probes 
(Rods | through 4) into the ground at the depth 
and spacing recommended by the manufac- 
turer. Studies show that the spacing of the 
probes determines the depth of the resistance 
measurement. In other words, when the dis- 
tance between the probes is 6’, the resistance 
measurement displayed on the tester is the 
resistance of the earth to a depth of 6’. 


© Measure and record the resistance measure- 
ment of the earth (soil) at several different 
distances (4’, 6’, and 8’ apart). Any change in 
resistance measurements indicates that the soil 
conditions are changing over the measured 
surface or measured distance. 


Test Instruments 


FOUR-TERMINAL GROUND RESISTANCE TESTER MEASUREMENT PROCEDURES 


EARTH DEPTH RESISTANCE 


Resistance Displayed on 
Meter Equals Resistance 
of Earth to Depth Listed* 


KB MEASURE AND RECORD 
SOIL RESISTANCE AT 
SEVERAL LOCATIONS 


9 USE PROCEDURES 
RECOMMENDED BY 
TEST INSTRUMENT 

MANUFACTURER 


Distance "D" 
Between Probes* 


FIRST TEST 
ROD 2 


P) PUSH ALL ELECTRODES IN GROUND 
AT PREDETERMINED SPACING 


PROBE 2 


NEL i 3 PROBE 4 


D cd o __ 1 
m i | SS ! 
PROBE SPACING SHOULD 
$ ү E BE EQUAL BETWEEN RODS 


Figure 6-24. When measuring ground resistance, a four-terminal ground resistance tester does not use the grounding 
electrode as one of the probes because the tester is used to measure the resistance of soil only, not the resistance of the soil 
and grounding electrode. 


Ө Remove the ground resistance tester from the 
grounding system. 


Soil pH Measurement Procedures 


The pH of a solution or substance is the degree 
of acidity or alkalinity of a solution or substance. 
A scale of 0 to 14 is used to measure pH, with 7 
being the neutral point. Pure distilled water has a 
measured pH of 7. The lower the measured pH is 
below 7, the greater the acidity of the substance. 
For example, orange juice has a pH of 4.3, lemon 
juice has a pH of 2.3, and battery acid has a pH 
of 0.3. The higher the measured pH is above 7, 


AEMC? Instruments 
Digital earth resistance testers are used to measure earth resistance for 
simple and complex electrode grounding systems. 
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the greater the alkalinity of the substance. For example, borax has a pH of 9.3, and milk of magnesia has 
a pH of 10.3. See Figure 6-25. 


Before taking pH measurements using a pH meter, ensure the meter is designed to take measurements of 
the substance being tested. Refer to the operating manual of the test instrument for all measuring precautions, 
limitations, and procedures. Always wear required personal protective equipment and follow all safety rules 


when taking the measurement. To measure the pH of soil for a grounding electrode, apply the following 
procedures: 


Ө Gather a few samples of soil where the grounding electrode will be placed. Acquire samples that are 1° or 
more down from the surface. 


Ө Turn the pH meter ON. 
© Take a pH reading at several locations in the soil. 
Ө Record the pH readings. Average the measurements. 


© Turn the pH meter OFF and remove the probe from the soil. 


SOIL pH METER MEASUREMENT PROCEDURES 


NOTE: PROBE MUST 
BE CLEANED 
BEFORE EACH 
TEST 


TAKE pH MEASUREMENTS 
FROM SEVERAL PLACES @} 


STRINGS ON BUILDING 
LINES INDICATE FACES 
OF FOUNDATION WALL 


IB PLACE PROBE 
IN SOIL 


TURN METER 

OFF AND 

REMOVE PROBE 
FROM SOIL є 


ПШ) RECORD pH 
MEASUREMENT 


TURN 
METER ON 
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Q Clean the probe. 
Note: It is important that soil acid does not damage the probe during storage. 


When soil pH is high, corrective actions must be taken to reduce grounding electrode corrosion. Corrective 
actions include the following: { 


* Using solid copper, copper-clad (coated), or stainless-clad steel grounding electrodes. Copper-clad electrodes 
typically last three times longer than galvanized electrodes. 


e Using a low resistance grounding cement. Grounding cement is specifically designed to be applied around 
a buried (entrenched) grounding electrode. The cement is used in areas that have a high soil resistivity to 
reduce electrode resistance to earth ground. The cement is also used in high pH soil conditions to reduce 
the corrosion effect on grounding electrodes. 


lest.Instruments 


High voltage and insulation test instruments are 
used for situations where high voltage and the 
insulation of high voltage systems must be mea- 
sured. These types of instruments include cable 
height testers, high voltage detectors, contact 
high voltage voltmeters, noncontact high voltage 


ammeters, insulation testers, megohmmeters, 
hipot testers, and ground continuity testers. 


TESTING HIGH VOLTAGE SYSTEMS 


All electrical circuits require a voltage source. 
The voltage source may be a low voltage from a 
low-power solar cell that powers a solar- (light-) 
powered handheld calculator, or the voltage source 
might be a couple of hundred thousand volts from 
a high-power-feed utility substation. Regardless 
of the type of voltage source, test instruments are 
available to measure the voltage. High voltage sys- 
tems require that greater precautions be used when 
taking measurements. High voltage systems also 
require the use of specialized test instruments. 

The term high voltage has various meanings 
depending upon the context in which the term is 
used. High voltage on a dual-rated 120/240 V motor 
means 240 V, on a 230/460 V motor high voltage 
is 460 V, on a 12/24 VAC control transformer high 
voltage is 24 VAC, and on a 3—32 VDC solid-state 
relay high voltage is 32 VDC. Similar to electri- 
cal systems, “high voltage" also has different 
meanings when describing test instruments or 
measurements. 


Fluke Corporation 


High voltage for test instruments typically 
means that a test instrument is designed to mea- 
sure voltages higher than the normal range of 
standard voltmeters (multimeters). Standard 
voltmeters typically have voltage measurement 
limits of 600 V or 1000 V. Standard voltmeters 
can be used to measure high voltages when a high 
voltage accessory (test lead) for the specific meter 
is used. See Figure 7-1. 


Troubleshooting Tip 


INSULATION RESISTANCE TESTING 


Because insulation resistivity measurement 
is a nondestructive test, insulation resistivity 
measurements are taken as part of quality and 
uniformity tests for manufacturing processes while 
a component is on the production line. However, a 
sharp reduction in resistivity while the component is 
in service usually indicates that the component or 
the components system will soon fail. 
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MULTIMETER USED FOR TAKING UL 
VOLTAGE MEASUREMENTS UNDER 1000 V 333 Pfingsten Rd. 
Northbrook, IL 60062 


Е ’ LISTED 
(3 OT MORAG ШШ f | ^ 7 9502 
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CE MARKING 
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CSA 

@ 178 Rexdale Blvd. 
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Canada 


IEC 1010-1 
] 


DMM FRONT DMM BACK 


STANDARD VOLTAGE VOLTMETER 


VOLTMETER DESIGNED SPECIFICALLY 
FOR TAKING HIGH VOLTAGE 
MEASUREMENTS ON HIGH 

VOLTAGE POWER LINES 
(UNDERGROUND OR OVERHEAD) 


GROUNDING PROBE 


SINGLE STICK HIGH VOLTAGE VOLTMETER 


Figure 7-1. Voltmeters are typically classified as standard voltage or, high voltage meters. 


High voltage has a different meaning when a test instrument is used to measure actual voltage levels such 
as 12 V, 24 V, or 230 V. Although a voltage meter with а 600 V maximum measuring limit is not considered 
a high voltage meter, the actual voltages measured by the meter can be called high voltage. Typically any 
voltage above 36 VAC or 50 VAC is considered high voltage because the voltage can easily cause electrical 
shock (electrocution). Because of the possibility of electrical shock, any voltage measurement above 36 VAC is 
considered a high voltage measurement, even when the test instrument is not rated as a high voltage meter. 
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Conductor Insulation 


All electrical conductors carrying power must be protected against contacting other conductors, metal parts, and 
people. Insulation around conductors protects the conductor from damage and isolates the electrical power contained 
within the conductor. However, not all energized parts of an electrical circuit are protected by insulation. When en- 
ergized parts of an electrical circuit are exposed, such as where conductors are terminated at fuse or circuit breaker 
panels, distance (air space) is used as the insulator. Energized parts in a circuit that are separated by air space use 
the air space as the insulator. The greater the distance between energized electrical conductors or parts, the greater 
the resistance between the parts. The higher the voltage, the greater the air space that must be maintained to create 


a high enough resistance to prevent an arc. 


Measuring Cable Heights 


Overhead power lines (cables) carry extremely 
high voltages and are quite dangerous. Because 
of the high voltages in cables, the minimum 
height from the ground to where cables connect 
to buildings or structures is set by regulations. 
When first installed, cable distances are mea- 
sured for conformity of standards and practices. 
But cable heights must also be remeasured 
occasionally because all cables sag over time 
and/or the height from the earth to the cable can 
change due to road resurfacing or landscaping. 
Changes in cable height can also indicate rotting 
wood poles, broken or damaged anchoring, or 
damaged cables. 

Measuring the height of cables is performed by 
inspectors and utility (power and telecom), transpor- 
tation, and building maintenance companies. 


— ne ae гин. 


Megger Group Limited 
able height meters are used to measure cable heights, cable sag, and the 
pacing between cables. Some cable height meters can also be used to 
easure horizontal distances of up to 300’. 


For example, an inspector measures cable 
heights on a construction site to ensure compli- 
ance with OSHA standards for cable clearance. 
A cable height meter is a test instrument that 
is used to measure the height of a power cable 
in feet and inches or in meters. Cable height 
meters are typically able to read multiple cable 
heights simultaneously. Typically, the heights 
of the lowest and highest cables at the mea- 
suring point are recorded. Also, the spacing 
between the cables is measured and recorded. 
Cable height meters work by using ultrasonic 
waves and do not have to come in contact with 
any cable. To measure cable height using an 
ultrasonic cable tester, apply the following 
procedures. See Figure 7-2. 


Q Place the ultrasonic cable height tester on the 
ground at each location in which cable height 
measurements are to be made. 


Ө Record all required measurements. 


Ө Check measured values against code distances. 
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ULTRASONIC CABLE HEIGHT TESTER - CABLE MEASURING PROCEDURES 


WARNING 


RECORD ALL * Follow all electrical safety practices and procedures 


MEASUREMENTS * Check and wear personal protective equipment (PPE) 


БӘЗ р for the procedure being performed 
E * Perform only authorized procedures 
Ib. | С / B * Follow all manufacturer recommendations and procedures 


CHECK MEASURED VALUES 
AGAINST CODE DISTANCES 


TEMPERATURE SENSOR 


Figure 7-2. Ultrasonic cable height testers determine the height of overhead cables, the heights of the lowest and highest 
cables, and the spacing between cables. 


High Voltage Detectors 


Before taking a voltage measurement on any circuit with a high voltage detector, a three-step procedure must 
be followed. The three steps are as follows: 
1. Check the high voltage detector on a known (energized) voltage source or piezo verifier before taking a 
measurement on an unknown voltage source. Testing a high voltage detector ensures the detector is operat- 
ing properly. ài А 
2. Take the voltage measurement wearing all personal protective equipment (PPE) and following all applicable 
high voltage detector safety rules. 
3. After taking the measurement on an unknown voltage source, retest a high voltage detector on an energized 
circuit or with a piezo verifier for a known reading. 
The three-step procedure prevents a malfunctioning high voltage detector or blown fuse from allowing a 
false reading (or no reading) of an energized circuit. Having a test instrument that operates properly is important 
for any measurement, but absolutely required when taking high voltage measurements. 
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Technical Tip 


To pretest a standard test instrument such as a Piezoelectricity is used for applications such as test instru- 


| multimeter, measuring the voltage оп a known (en- mentation. Piezoelectricity is the ability of certain crystalline 

| ergized) voltage source is easy because any standard materials to produce a voltage when subjected to mechanical 
receptacle (outlet) can be used. To pretest a high stress. This effect is also reversible as piezoelectric crystals, 
voltage detector on a high voltage system with hun- when exposed to an externally applied voltage, will change 


: their shape by а small amount. 
dreds, thousands, tens of thousands, or more volts is МИ И аме utl 


not practical or safe. Because of safety, high voltage 
detectors are prechecked and postchecked using a 
test instrument that is specifically designed to safely A high voltage detector checker (piezo veri- 
test high voltage detectors. See Figure 7-3. fier) is a test instrument used to verify that a high 
| voltage detector is operating properly before апу 
actual high voltage measurements are taken. A 
WARNING р piezo verifier sends out a safe signal that simulates 


| f f a high voltage for testing high voltage detec- 
| ў “Жы tors. When a high voltage detector is operating 
| Never use a high voltage detector without first testing the properly, the simulated voltage signal is read and 


detector with a piezo verifier that is specifically designed to 
pretest and posttest a high voltage detector before and after 
the detector is used on actual circuits. 


displayed as an actual measurement. 


PIEZO VERIFIERS 


NONCONTACT 
HIGH VOLTAGE 
DETECTOR 


HIGH VOLTAGE 
DETECTOR CHECKER 
(PIEZO VERIFIER) 


Figure 7-3. Piezo verifiers are used to test voltage detectors before and after use. 
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Noncontact High and Low Voltage 
Detectors 


Voltage can be detected or measured. To detect 
voltage, anoncontact voltage detector is used that 
only indicates that voltage is present. A noncon- 
tact voltage detector is a test instrument that indi- 
cates the presence of voltage without displaying 
the aetual amount of voltage present. Although a 
voltage detector can be used for troubleshooting, 
voltage detectors are only used where knowing 
that voltage is present is enough. 


Before performing tests using a noncontact 
voltage detector, ensure the detector is designed to 
perform a test on the system or wires being tested. 
See Figure 7-4. Refer to the operating manual of 
the test instrument for all measuring precautions, 
limitations, and procedures. Always wear required 
personal protective equipment and follow all safety 
rules when taking the measurement. To use a non- 
contact voltage detector to indicate the presence of 
voltage, apply the following procedures: 


© Pretest a noncontact voltage detector with a 
piezo verifier or on a known power source 


to ensure the noncontact voltage detector is 
od operating properly. 


 Мопсопіасі voltage detectors must never be used as a primary @ Place the noncontact voltage detector near an 


test instrument. 


Noncontact voltage detectors are available 
for low voltage detection (typically up to 600 V) 
and high voltage detection. High voltage detec- 
tors detect voltages as high as several hundred 
thousand volts. 

Noncontact voltage detectors are used as: 

* a first-line warning device that indicates the 
presence of voltage. After voltage is detected, a 
voltmeter that can read the actual circuit voltage 
must be used to measure the detected voltage. 

* a basic test tool that is part of a preliminary 
troubleshooting procedure to detect when 
voltage is present at key points in a system. 
Key troubleshooting testing points include 
fuses and circuit breaker panels, pull boxes, 
and receptacles. 

Noncontact voltage detectors must never be 
used as a device that is 100% reliable in indicating 
that there is no dangerous high voltage present. 
When a noncontact voltage detector indicates that 
voltage is present, there is voltage and danger. 
When a noncontact voltage detector does not 
indicate that voltage is present, double-check 
the voltage source with another test instrument 
before physically coming in contact with the volt- 
age source being tested. Also, use a device that 
indicates the level (115 V, 230 V, etc.) and/or type 
(AC or DC) of voltage present in a system. 


WARNING — 


area in which voltage might be present or an 
area scheduled for work. 


© Whena noncontact voltage detector signals the 
presence of voltage, there is voltage present. 


@ When a noncontact voltage detector does not 
signal the presence of voltage, do not assume 
there is no voltage; test for voltage with an- 
other test instrument to verify that no voltage 
is actually present. 


| Never assume that because a noncontact high voltage detector 


does not signal the presence of voltage, there is no voltage 
present. Noncontact voltage detectors are only the first line of 
defense in ensuring that power is not present. Always follow use 
of a noncontact voltage detector by testing for voltage with an 
actual high voltage meter that measures and displays the actual 
voltage of a circuit. When using a high voltage detector, always 
use a piezo verifier that is specifically designed to pretest and 
posttest a high voltage detector. 


Contact High Voltage Meters 


All electrical circuits and systems are designed 
to operate at a set voltage level or voltage range. 
When the voltage level is not correct, there is a 
problem in the circuit or system. When power 
systems have too low or too high a voltage level, 
problems occur all along the electrical system. 
The voltage level in a circuit or system is impor- 
tant information for an electrician to know, no 
matter how low or how high the voltage is. 
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NONCONTACT VOLTAGE DETECTION TEST PROCEDURES 
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• Follow all electrical safety practices and procedures 


* Check and wear personal protective equipment (PPE) 
for the procedure being performed 


* Perform only authorized procedures 
• Follow all manufacturer recommendations and procedures 


Figure 7-4. Noncontact voltage detectors are used primarily during troubleshooting as a firstline warning device that 
indicates the presence of voltage. 


High voltage measurements are taken with contact high voltage meters. A contact high voltage meter isa 
voltmeter specifically designed to take voltage measurements on high voltage cables. See Figure 7-5. 
Contact high voltage meters are used to do the following: 
e verify that power has been removed before working on cables 


e measure the actual voltage level on cables 
« test fuses and other devices in electrical systems to measure the voltage level into and out of devices 


• test grounding systems by taking voltage to ground measurements 


Technical Tip у — 
NFPA Article 450 can be referenced for high voltage equip 


ment installation and safety procedures. 


Test Instruments 
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Figure 7-5. Contact high voltage meters are used to verify that power has been removed before working on cables or to 
measure the actual voltage on cables. 


High Voltage Test Probe 


A high voltage test probe is a DMM accessory used to increase the voltage measurement range above the DMM 
listed range. A high voltage test probe has a very high resistance, which is added to the DMM input resistance 
circuit. A high voltage test probe reduces the voltage to a DMM to approximately 1/1000 of the actual voltage 
present at the tips of the test probes. For example, 25,000 V (25 kV) at a test probe tip can be reduced with a 
high voltage test probe to approximately 25 V at the DMM jacks. See Figure 7-6. 

High voltage test probes designed to work with standard DMMs are different from contact high voltage 
meters that are specifically designed to take high voltage measurements on high-power (high current) cables. 
High voltage test probes used with DMMs are designed to take measurements on high voltage, low current 
applications such as TV picture tubes and electronic ignition systems. High voltage test probes should not 
be used to take measurements in high current applications such as high voltage power distribution systems, 
induction-type heaters, X-ray equipment, and broadcast transmitters. 


| Troubleshooting Тїр 


HIGH VOLTAGE, LOW circuit while discharging and verify that there is no residual 

charge with a voltmeter or DMM set to measure voltage. 
CURRENT SAFETY PROCEDURES For example, if performing work on a cathode ray tube 
When working with high voltage, low current circuits with (CRT), first discharge the CRT contact. Use a 1 MQ to 
the power OFF, first discharge the power across large 10 MQ or 1 W or greater wattage on the end of an insulating 
power-supply capacitors with a 2 W or greater resistor of stick or the probe of a high voltage meter. Discharge to the 


100 Q to 500 O per volt of approximate value. Monitor the metal frame connected to the outside of the CRT. 
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HIGH VOLTAGE TEST PROBES 
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Figure 7-6. High voltage test probes are DMM accessories that allow measurement of voltage above the listed range of 
the test instrument. 


High Voltage Phasing Testers 

Three-phase circuits include three individual ungrounded (hot) cables. The three cables are identified as phase 
A (L1), B (L2), and C (L3). The cables must be maintained in the proper phase sequence in any three-phase 
distribution system. Accidental reversal of any two phases of a three-phase system can be disastrous. For 
example, motors depend upon proper phase sequencing to determine direction of rotation. 

Phase sequencing can be tested on high voltage cables by using a high voltage phasing tester. A high voltage 
phasing tester is a test instrument specifically designed to identify the three phases of a three-phase distribu- 
tion system as L1, L2, and L3. High voltage phasing meters are typically included as a function of contact 
high voltage meters. See Figure 7-7. 
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Figure 7-7. High voltage phasing testers are designed to 
identify the three phases of a three-phase distribution system 
cs ШИ amel LS, 
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Personal protective equipment is required when working with high voltage 
cables. 


Noncontact High Voltage Ammeters 


All electrical circuits and systems are designed 
to operate within a set current range. Once the 
high end of the.current range is reached, the 
overcurrent protection devices (fuses and circuit 
breakers) of the circuit must remove power from 
the circuit. When the current level exceeds the 
conductor, component, or system current rating, 
there is a problem in the circuit or system. When 
troubleshooting a circuit, knowing the current 
level in the circuit is a must. 

High current measurements are taken with non- 
contact high voltage ammeters. À noncontact high 
voltage ammeter is a test instrument specifically 
designed to take current measurements on high 
voltage cables. Noncontact high voltage ammeters 
are designed to be used as current clamps but 
have open ends (a U shape) to allow safer current 
measurements. See Figure 7-8. 
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Figure 7-8. Noncontact high voltage ammeters allow current 
measurements to be safely taken on high voltage cables. 
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INSULATION RESISTANCE 


No matter how large or how small a circuit, system, or electrical load is, electrical conductors (wires) are used to 
deliver the proper voltage, current, and power. Electrical conductors are always covered with some type of insulating 
material. The insulation prevents the current from flowing outside the designated path through the conductor. 

No insulation can prevent all current flow through the insulation to ground or other conductors. In fact, some 
current (leakage current) flows through all insulation. Typically, leakage current is so small the current does not 
cause any problems and is ignored until the leakage reaches a point that the leakage starts causing electrical 


shocks, unwanted temperatures, or equipment damage. 


The higher the resistance of insulation, the less 
leakage current there is flowing through the insula- 
tion. Insulation has the highest resistance when first 
placed into service on conductors and electrical 
devices. Ultimately, all insulation deteriorates over 
time and the resistance of the insulation decreases. 
Deterioration is caused by moisture, extreme temp- 
eratures, dust, dirt, oil, vibration, pollutants, and me- 
chanical stress or damage. Even air spacing used as 
insulation between electrical parts will have a lower 
resistance over time because of dirt and moisture. 

Insulation resistance typically becomes lower 
over time or drops suddenly. A sudden drop in in- 
sulation resistance is caused by damage such as cuts 
and breaks, or sudden environmental changes such 
as flooding, high temperature extremes, or contact 
with corrosive materials. 

Knowing the condition of insulation is important 
no matter whether the insulation is the type used on 
conductors, or any other form of insulation used to 
separate energized electrical parts from each other. 
This includes such insulating devices such as the 
air spacing between electrical lugs and terminals, 
or any nonconducting materials (plastic and rubber) 
used to house electric appliances and tools so that 
an electrician is isolated from energized parts. 

Knowledge of the actual condition of insulation 
can only be acquired by taking electrical measure- 
ments. Electrical measurements are taken between 
the conductors that carry current when energized and 
other parts of the system in which no current should 
ever flow under normal operating conditions. The two 
basic measurements that are taken to test insulation 
resistance are to measure the actual leakage current 
flowing through the insulation, and to measure the 
actual resistance of the insulation. See Figure 7-9. 
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Figure 7-9. Electricians can test the condition of the in- 
sulation on conductors or other energized components by 
measuring leakage current or insulation resistance. 
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Test Instruments 


The best way to determine immediately if insulation is good and performing as required is to use a test 
instrument that applies a test voltage between the part of the circuit that will be carrying current and the parts 
of the circuit that are insulated from the current. The higher the measured flow of leakage current, the weaker 
(having less resistance) the insulating material is. , 

Leakage current measurements indicate the condition of insulation at the time of the test. However, the 
best way to keep track of the condition of insulation over time is to regularly take resistance measurements. 
Tracking insulation resistance can predict when insulation will fail and when an electrical device or circuit will 
fail. Preventive maintenance programs include tracking insulation resistance over time. Even when insulation 
resistance is not tracked over time, resistance measurements are taken to troubleshoot problems in a circuit. 


Technical Tip INSULATION RESISTANCE VALUES 


Insulation resistance values vary with temperature and the 


amount of moisture iu the insulation. The temperature, 


humidity, and other similar factors should be recorded at the 


time the insulation resistauce test is made. 


R = INSULATION TO 
CONDUCTOR 
RESISTANCE 


R = INSULATION 
RESISTANCE 
BETWEEN ANY 
TWO CONDUCTORS 


General Resistance Rule of Thumb 


Ohm’s law can be used to calculate the amount 
of current that will flow through a circuit. Ohm’s 
law states that current (/) is equal to the voltage 
(E) divided by the resistance (R). Ohm’s law also 
indicates that the higher the resistance of insula- 
tion, the lower the leakage current will be. 

A general rule of thumb when measuring the 
resistance of insulation states that the absolute 
minimum total insulation resistance should be ap- 
proximately 1 megohm (1 MQ or 1,000,000 2) 
for each 1000 V (1 kV) of operating voltage. 
Using the general rule of thumb, leakage current 
through insulation must not be greater than 1 mA 
(0.001 A). 


[=~ 
R 


_ 1000 
~ 1,000,000 


1 2 0.001 A (1 mA) 


The | MQ per 1 kV rule is a minimum resis- 
tance rule. In practicality, insulation has a much 
higher resistance and is often required by codes 
and standards to be higher for most electrical 
devices. Resistance values of 10 to 100 times the 
minimum are preferred and are often required. 
See Figure 7-10. 
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Figure 7-10. A general rule of thumb for insulation is that 
the resistance of the insulation should be approximately 1 MQ 
for each 1000 V of operating voltage. 
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Required Resistance 


Although the general rule of thumb for required resistance can be applied when troubleshooting most mo- 
tors and other electrical devices, there are times when higher resistance specifications must be applied. Most 
stated specifications list the maximum amount of acceptable leakage current and not the actual resistance. 
For example, a 3-wire handheld electrical appliance or tool must be insulated enough so as to allow no more 
than 0.75 mA (0.00075 A) of leakage current to flow through the exposed parts to ground. Per Ohm's law, the 
resistance required to limit current flow to 0.75 mA on a 120 V appliance would be 160,000 О, or 1,333,333 О 
when using 1000 V. Typical resistance values are one-third higher than the 1 MQ per 1 kV rule of thumb. 
Medical equipment and electrical devices rated as “double-insulated” have much higher insulation ratings. 


Two-Prong Power Cord Devices 


A two-prong Category П power cord device is a 
device that has only two conductors extending 
from it, one hot and one neutral. Two-prong de- 
vices do not have a third (green wire grounding) 
prong on the power cord. Some two-prong devices 
are classified as double-insulated. 

Double-insulated is a term used to describe an 
electrical product designed so that a single ground 
fault cannot cause a dangerous electrical shock 
through any exposed parts of the product that can 
be touched by an electrician. Double-insulated 
devices include not only the standard insulation 
used on conductors but also include extra insulat- 
ing material between the energized parts of the 
device and the parts that can be touched. 

To test an electrical device, leakage current is 
measured from the exposed metal parts to earth. 
When an electrical device such as a drill with 
plastic handles has no exposed metal, metal foil 
is applied to the exposed parts of the device and 
leakage current is measured between the metal 
foil and earth ground. The metal foil simulates 
a wet hand contacting the electrical device. See 
Figure 7-11. 

During the test, the electrical device being 
tested is not plugged into a power source. The 
test instrument supplies the test voltage and 
measures the amount of leakage current. The 
specified maximum leakage current for a two- 
prong Category II device is typically 0.25 mA 
(0.00025 A). Equipment used in the medical field 
will have an even lower acceptable maximum 


When leakage current exceeds the specified 
limit, athree-prong power cord must be used. The 
ground (green) wire is added to carry the leakage 
current to ground by providing a low impedance 
(resistance) path from all non-current-carrying 
parts to earth ground. 


Megger Group Limited 
A motor winding insulation test is performed using a megohmmeter. 


leakage current limit. 


Test Instruments 
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Figure 7-11. Double-insulated tools are designed so that a single ground fault cannot cause a dangerous electrical shock 
through any exposed parts of the tool. 


Three-Prong Power Cord Devices i 


A three-prong Category I power cord device is a device that has three conductors extending from it, one hot, 
one neutral, and one ground (green ground wire). Any leakage current flows through the ground (green) con- 
ductor back to ground during normal operation. The ground conductor prevents the exposed metal parts of the 
electrical device from becoming energized to the point of causing an electrical shock. See Figure 7-12. 

The typical specified maximum leakage current for a three-prong Category I device is typically 0.75 mA 
(0.00075 A) for handheld electrical devices such as disc grinders, and 3.5 mA (0.0035 A) for electrical equipment 
such as floor buffers, small drill presses, and air compressors. 
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Figure 7-12. The specified maximum leakage current for Category | three-prong electrical equipment such as air compres- 


sors is 3.5 mA (0.0035 A). 
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INSULATION TESTING 


There are several reasons for testing the resistance of insulation on conductors, electrical parts, circuits, and 
components. Insulation resistance measurements are taken to verify quality control of manufactured electrical 
devices, ensure electrical devices meet codes and standards (safety compliance), determine a device's per- 
formance over time (preventive maintenance), and determine causes of failure (troubleshooting). Resistance 
testing is classified into the following kinds of tests: 


* design test 

* production test 

* acceptance test 

* verification test 

* preventive maintenance test 
* fault locating test 


Test Instruments 


Design standards include specifications of materials, physi- 
cal measurement processes, performance of products, and GROUND 
services rendered. The purpose of design standards is to VEST LEAD 
obtain operational/manufacturing economies, increase in- 
terchangeability of products, and promote uniform product 
characteristics. Trade associations, national or internation- 
al standards organizations, and individual manufacturers 
establish these standards. 
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Design Tests 


Manufacturers of electrical devices such as appli- Бат 
ances and tools, and components such as wires | i TEST LEAD 
and fuses want to manufacture safe and reliable NL PRIMARY COE 
products. Meeting minimum required codes and "7" TERMINALS 


standards helps ensure products are built for safe 
operation. Exceeding minimum requirements 
helps establish the reputation of a company for 
producing reliable and quality products. Design- 
ing and building to the highest standards also 
helps reduce product liability issues that may arise 
from electrical shocks, fire, and injuries. 


SECONDARY COIL 
TERMINALS 


As a product is being developed, mechani- 
cal, functionality, and electrical design tests 
are performed. Electrical design tests are typi- 


cally conducted in a laboratory to determine how DESIGN TEST TESTING 


electrical components will perform. Insulation TRANSFORMER 
resistance levels are tested prior to manufacturing 2 e Me MESE nek 


any product. 


Design tests are performed on newly designed Figure 7-13. Design tests are run on newly designed 
components or on parts purchased from other components and test the component to failure. 


companies that are being incorporated into the 
design of a product. Design tests test a component 
to failure. To test insulation, a high voltage is ap- 
plied to each component until the insulation of 
the components fails and conducts a higher than 
acceptable leakage current. See Figure 7-13. 

Although a component is destroyed during 
the test, the electrical limits of the component 
are established. Knowing a component’s limits 
and keeping records of test results 1s part of good 
design work. Design testing must not only be 
performed when first designing a product, but also 
whenever there is a product modification. Many 
component failures are traced back to the failure 
of substitute parts that were used because of cost 
cutting or from a change in suppliers. 


Production Tests 


Once a designed product is accepted, the product 
is placed into production. Production requirements 
are different from design requirements in that the 
production process must take into consideration 
building the product as quickly and economically 
as possible. To ensure what works in a lab also 
works to specifications after production, produc- 
tion tests on individual products must be made. 

Production tests are performed to meet codes 
and standards and ensure quality control. Product 
defects typically start showing up during product 
testing. Product testing can be of the nondestruc- 
tive or destructive type. See Figure 7-14. 
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Figure 7-14. Production tests are designed to find product defects for quality control. 


Nondestructive testing applies tests to ensure minimum standards are being met. For nondestructive test- 
ing, the tests are typically performed at a level higher than the minimum requirements but not so high as to 
intentionally destroy the device. When a product meets the minimum standards, the product is placed back 
on the production line. 

Destructive testing applies tests that are designed to push a product to failure. The failure limit of a com- 
ponent is determined and documented. Destructive testing establishes the weakest components and parts of 
a device. Some failures are associated with production methods, such as electrical components being placed 


too close together or damaged during production. 


Test Instruments 


Independent testing laboratories such as Un- 
derwriters Laboratories® (UL) allow insignias 
to be placed on products. The UL requires that 
production tests be performed to ensure that the 
product continues to meet UL standards. An in- 
dependent testing laboratory performs the initial 
test on a product before issuing an approval. 


Acceptance Tests 


After electrical equipment leaves the manufac- 
turer the equipment is shipped and installed. Dur- 
ing storage, shipping, and installation a part of a 
component or circuit can be damaged. Acceptance 
testing is performed immediately after installation 
but before the system is put in service. Acceptance 


Continued product approval requires documented 
proof of product safety and reliability. 


testing is used to test for damaged equipment, 
installed cable damage, and proper installation 
(spacing, tightening) of electrical components. 
See Figure 7-15. 

Design and production testing are performed 
by the manufacturer. The contractor installing 
the equipment and the owner of the equipment 
perform acceptance testing. The contractor per- 
forms acceptance testing to ensure the equipment 
is safe and installed correctly. The owner of the 
equipment performs acceptance testing to ensure 
that what is being installed and paid for is what 
was specified and purchased. 


А AEMC® Instruments 
Cable length testers can measure the length of electrical and communication 
cables and can also indicate the distance to a fault in the cable (open or short), 
given access to only one end of a cable with two or more conductors. 


Technical Tip 


Consulting engineering firms perform acceptance tests on 
such areas as electrical systems, concrete, and structural steel. 
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Figure 7-15. Acceptance tests are performed immediately after equipment installation but before the system is put in service 
to locate damage caused by shipping, storage, and installation. 
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Verification Tests 


An acceptance test only indicates that the equipment of a system has been safely installed and not damaged. 
However, once a system is fully operational, potential problems may occur that were not considered. Potential 


problems can include the following: 


* Additional loading of the system was not considered when the system was designed. In general, more loads 
than expected are added to an electrical system over time. 

* Load types that produce unforeseen problems are added to the system. Load types include harmonic- 
producing loads as well as loads that produce high inrush currents and transients. 

* Environmental conditions were not originally factored in, or have changed. Environmental conditions 
include increased temperature levels, dirt, dust, corrosive materials, and poor housekeeping. 
To ensure equipment and circuits are safely and properly working after the equipment has been placed in 

operation, a verification test is performed. Verification tests are typically performed shortly after the equipment 

or circuit is placed in full operation and before the warranty or guarantee has elapsed. 


Preventive Maintenance Tests 


A good preventive maintenance program can 
detect and eliminate problems before problems 
create downtime. A main part of an electrical 
preventive maintenance program is the testing of 
equipment and conductor insulation. The condi- 
tion of conductor insulation is a good indication 
of the condition of the equipment and electrical 
system in general. 

Failing insulation must be corrected so that 
a system does not fail at an inopportune time. 
In general, as any system is operated over long 
periods of time, conductor insulation quality dete- 
riorates at a predictable rate. By taking resistance 
measurements over time, conductor insulation 
failure (or expected life) can be predicted. See 
Figure 7-16. 

Measurements over time are required because 
there are no two operating conditions that are the 
same. For example, a light fixture with an operat- 
ing lifetime expected by the manufacturer to be 
10 years may last less than one year, or more than 
20 years. The worse the environmental conditions 
a light fixture must operate in, the shorter the op- 
erating life. The higher the ambient temperature 
a light fixture must operate in, the shorter the 
operating life. 
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Figure 7-16. Preventive maintenance tests take resis- 
tance measurements of a device or conductor over time 
to predict failure. 


Troubleshooting Tip 


PREVENTIVE MAINTENANCE 
RECORDKEEPING 
By maintaining accurate preventive maintenance 


records as reference guides, future problems with 
similar equipment can be alleviated. 


Test Instruments 


Fault Locating Tests 


Even when equipment is manufactured to high specifications, properly installed, correctly sized, and preventive 
maintenance is performed, equipment does fail. Failure typically occurs because one weak or damaged part of 
a circuit fails, or an entire system fails because the end of the system insulation life has been reached. When a 
component, equipment, circuit, or system fails, troubleshooting is performed to locate the fault. Troubleshoot- 
ing requires knowledge of the equipment, circuit, and test instruments needed to perform the troubleshooting. 
Knowledge of insulation testers is essential because insulation testing involves testing a circuit or component 


using high voltage. 


MEASURING INSULATION 
RESISTANCE 


A standard ohmmeter such as on a digital or 
analog multimeter can be used to measure the 
resistance of insulation by taking a resistance 
measurement from one conductor to another 
conductor or to ground on a de-energized circuit. 
However, the resistance measurement may not be 
accurate for two basic reasons: 

1. А standard ohmmeter measures resistance 
by applying a low voltage from the batteries 
of the meter through the component being 
tested. The resistance measurement taken 
is based on the meter battery voltage, typi- 
cally 6 VDC or 9 VDC, which is applied to 
the component or conductor. When testing 
insulation resistance, the actual voltage that 
the device will operate at, or a higher voltage, 
must be used to measure the resistance. The 
closer the test voltage is to the actual volt- 
age used in the circuit, the more accurate the 
resistance reading will be. For this reason a 
test instrument that measures resistance at a 
high voltage must be used when testing the 
condition of insulation. 

2. A standard ohmmeter is designed to take 
measurements that typically range from zero 
ohms to several million ohms. However, the 
resistance of good insulation between conduc- 
tors and ground must be millions of ohms, 


There are two basic test instruments used to 
measure insulation resistance. The two test instru- 
ments are hipot (high potential or high voltage) 
testers and megohmmeters. See Figure 7-17. The 
major differences between a hipot tester and a 
megohmmeter are: 

• A hipot tester is a test instrument that measures 
insulation resistance by measuring leakage 
current. Hipot testers apply a high test voltage 
between two different conductors or between 
a conductor and ground and measure the leak- 
age current. An excessive amount of leakage 
current (in amps) indicates a lower resistance 
or breakdown in insulation. Hipot tests almost 
always involve applying a test voltage that is 
several times higher than the specified operating 
voltage of the cable or device being tested. 

* А megohmmeter performs the same basic test 
as a hipot tester in that the meter also applies 
a high test voltage to the circuit or component 
being tested, but displays the measurement as 
resistance in ohms (typically MQ). 

e А hipot tester indicates the condition of insula- 
tion by displaying the amount of leakage cur- 
rent through the insulation and a megohmmeter 
indicates the condition of insulation by display- 
ing the amount of resistance that the insulation 
actually has when a high voltage is applied to 
the conductors. 


| Technical Tip | Tip 


The properties of electrical insulation materials include 
dielectric strength, impulse strength, resistivity, dielectric 
loss, dielectric constant, tensile strength, chemical resis- 
tance, moisture resistance, and flammability (or the ability 
to self-extinguish). 


if not tens of millions of ohms. To measure 
insulation resistance a test instrument that 1s 
designed to measure extremely high resis- 
tances must be used. 
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Figure 7-17. The two test instruments typically used to measure insulation resistance are hipot (high potential or high volt- 
age) testers and megohmmeters. 


Hipot testers and megohmmeters are available in both digital and analog versions. Hipot testers are also 
called dielectric testers, production line testers, and hipot and current leakage testers. Megohmmeters and some 
hipot testers are also called insulation testers. Also, because both hipot testers and megohmmeters perform 
high voltage tests on insulation, some models are available that include both testers in one. 


Troubleshooting Tip 


HIPOT TESTER SPECIFICATIONS 


Output current can be either AC or DC. The type of test 
will determine what level of current will be supplied. 


Specifications to consider when specifying hipot testers In hipot testing the output current is usually very low. 
include AC and DC output voltage, AC and DC output Testers can also measure the resistance range. The 
current, resistance range, insulation limit, and test time. insulation limit specification determines the voltage 
Output voltage can be either AC or DC. The type of test range the insulator can withstand. Many tests performed 
will determine what level of voltage will be supplied. for electrical safety have a test time requirement. This is 


Output voltage when hipot testing is usually very high. the overall time of the test. 


Test Instruments 


HIPOT INSULATION TESTING 


Ohm's law states that a relationship exists between 
voltage, current, and resistance in an electrical cir- 
cuit. Voltmeters are used to measure the voltage 
in a circuit. The measured voltage is accurate as 
long as the voltage being measured 1s within the 
measuring range of the meter. Ammeters are used 
to measure the current in a circuit. The measured 
current is accurate as long as the current being 
measured is within the measuring range of the 
meter. Ohmmeters used to measure resistance may 
show different values because a resistance mea- 
surement taken at one battery voltage level may 
not be the same resistance value measured when 
a different battery voltage level is used. Specific 
conditions require a more selective resistance 
testing method when trying to accurately take 
certain resistance measurements. 

To solve the varying measurement problem, 
a tester that can accurately determine the true 
resistance of a circuit or insulation using normal 
operating voltage must be used. A hipot tester 
uses Ohm's law to determine the resistance of 
insulation by applying a voltage to the circuit or 
device being tested and measuring the current 
flowing through the insulation. The current flow- 
ing through the insulation is dependent upon the 
resistance of the insulation. 


WARNING ^ 


Hipot test voltages can cause severe or fatal shocks. 


Hipot Testing 

A hipot testis a test performed on a product or circuit 
with a hipot tester to ensure that there is no chance 
of an electrical shock or that the component was not 
damaged during installation. The purpose of a hipot 
test on appliances and tools is to ensure that a person 
does not receive an electrical shock during normal 
operation of the device. The purpose of a hipot test 
on cable is to ensure the cable was not damaged 
during installation and will perform as required once 
the normal circuit power is applied. 

A hipot test intentionally overstresses insu- 
lation by applying a much higher than normal 
voltage. The reason for the much higher voltage 
is to detect defects, damage, and other weaknesses 
that are present. When a weak or damaged point 
occurs in a circuit or cable, arcing will occur at 
the weak or damaged point. 

There is a concern that a test performed with a 
hipot tester or megohmmeter at a high voltage will 
damage the device or cable being tested by an arc 
that occurs at a weak point. In fact, the arc will 
damage, or further damage, the device or cable 
being tested when there is a weak or damaged 
point. The point of a hipot test 1s that when there 
is a problem the problem is found under controlled 
conditions rather that at some random time. There 
is never a good time for a fault to cause downtime 
or an electrical shock. 

A high test voltage should not, under normal 
circumstances, damage a device or cable in good 
working order because the device should have a 
very high margin of safety built into the insulation 
of the device. AII electrical insulation must be 
able to withstand a much higher test voltage than 
the maximum listed operating voltage rating. For 
example, a conductor rated at 600 V is not going 
to break down at 601 V, or even at a voltage several 
times higher than the 600 V rating. 

Some testing agencies require 100% hipot testing 
of every electrical product produced before the prod- 
uct can be sold. By doing so, no product that could 
cause an electrical shock from damage caused dur- 
ing production or by a faulty component will leave 
the factory. Even when not required by an outside 
testing or regulating agency, many manufacturers 


ASI Robicon 
Hipot insulation testing is typically preferred on medium and high voltage 
cables and high horsepower motors. 


hipot test every electrical device produced. 
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Also, cables that are installed underground or 
above ground are typically tested to ensure there 
are no weak points before the actual power is con- 
nected and applied. When a device being tested 
passes a hipot test, the device is unlikely to cause 
an electrical shock or have a cable fail during the 
normal expected life of the device. 


AC or DC Hipot Testing 


A hipot test can be performed by applying AC or 
DC voltage to the product being tested. Choos- 
ing whether to use AC or DC voltage for the test 
depends upon the results desired, regulating and 
certifying agency requirements, manufacturer 
requirements or recommendations, the tester’s 
preference and experiences, and what the cus- 
tomer wants. In general: 

* When a product is designed to operate from an 
AC power source, an AC hipot test is used. 

* When a product is designed to operate from a 
DC power source, a DC hipot test is used. 

* When a product such as cable is designed to 
operate with either AC or DC voltage, both AC 
and DC hipot testing must be used. 

* Regardless of whether a product is designed 
for AC or DC voltage, the requirements of any 
regulatory agencies involved with the product 
must be followed. 

* Both AC and DC testing can damage a product if 
manufacturer guidelines for using the test instru- 
ment are not followed. Even when guidelines are 
followed, damage occurs when there is a fault or 
damage in the product being tested. Everyone 
involved—the customer, installing contractor, or 
regulating agency—must understand that a hipot 
test is designed to find faults and when a fault is 
found repairs must be made. 


Í A hipot tester uses very high voltage for testing. Always 
follow the recommended procedures and safety rules of 
the manufacturer. After performing insulation tests with 
a hipot tester, discharge the device being tested using 
the discharge function built into the tester or specialized 
discharge jumpers. 


DC Hipot Testing 


When performing a DC hipot test, a DC voltage is 
applied to the product being tested. The voltage is 
applied in ever increasing steps, with time intervals 
between each step. Anytime DC voltage is applied 
between a conductor and insulator, there will be an 
electrical charge held between the conductor and 
insulator (principle of capacitance). The time inter- 
vals between voltage increases allow the charge to 
even out. The time intervals are required because, 
when a new charge is first applied to the conductor 
and insulator, a high current is initially drawn that 
soon stabilizes. Any current flowing after the cur- 
rent has stabilized is the leakage current through 
the insulation. On long cable runs, the reading will 
be delayed because of the effects of the longer 
charging time. See Figure 7-18. 
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Figure 7-18. DC hipot testing requires that DC voltage 
be applied to a product in everincreasing steps with time 
intervals between each step. 


Test Instruments 


When the measured leakage current increases 
above the specified limits or starts increasing 
sharply, the insulation has reached the breakdown 
point (failure point). At the failure point the test 
can be stopped without damaging the device be- 
ing tested. The actual applied voltage and time 
interval between voltage steps are determined by 
following the recommended test procedures of 
the hipot manufacturer for the tester being used. 
Hipot testers are available that can be programmed 
to automatically perform a test through each step 
and discharge any stored electrical charges. 


] After performing a DC voltage hipot test, the device being tested 
is charged and can cause an electrical shock. To prevent an 
electrical shock, the device being tested must be discharged. 
Hipot testers typically include an automatic discharge feature 
that discharges the test voltage to ground. A voltmeter must 
be used after discharging to verify there is no longer a charge 
on the device. 


Megger Group Limited 
Hipot testers are instruments that test for insulation integrity between the 
conductor and the insulation shielding. 


Troubleshooting Tip 


HIPOT TESTER FEATURES 


Features found on hipot testers include built-in 
calibration, warrting buzzer, front panel lockout, 
memory or storage capability, multiple test setup, PLC 
interface, rapid shutoff, remote control, selectable 
output frequency, and warning indicator lights. Displays 
available with hipot testers include analog meters, digital 
meters, and LED indicators. Interfaces include GPIB, 
RS232, printer ports, scanner ports, and printouts. 


AC Hipot Testing 


When performing an AC voltage hipot test, an 
AC voltage is applied to the product being tested. 
When applying AC voltage, the voltage must not 
be applied in steps for most equipment as with DC 
hipot testing. AC voltage hipot testing eliminates 
the longer test times required with DC testing in 
which the DC voltage is applied in increasing 
steps with time intervals between steps. Also, an 
AC hipot test does not require the discharging of 
stored energy after the test is finished. 

However, there are disadvantages to AC hipot 
testing. AC hipot testing can be more damaging to 
insulation. Unlike DC hipot testing in which a point 
is reached at which the insulation breakdown can 
be detected and the test stopped before damage is 
done, AC hipot testing typically indicates only a 
pass or fail of the product. When a product fails, the 
damage has already occurred. Product failure is not 
necessarily bad because the weak point that failed 
would have failed anyway over time. The general 
thought is that there is no good time for any failure, 
but being able to predict a failure during testing al- 
lows for a controlled failure. The ability to predict 
failure is why hipot testing is performed before 
a product is placed in service or sold and during 
scheduled preventive maintenance shutdowns. 

To prevent damage during an AC hipot test, 
some hipot testers actually apply AC voltage at a 
very low frequency (VLF). A low frequency AC 
voltage of less then | Hz is typically used instead 
of the standard 60 Hz AC power. The lower fre- 
quency causes less damage to cables and allows 
longer cables to be tested. 
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Hipot Test Voltages 


A hipot test uses a high voltage to intentionally stress the insulating ability (dielectric) of insulation. A hipot 

test applies a high voltage between conductors or between the device being tested and ground to verify that the 

insulation can provide an electrical barrier sufficient to prevent a problem. Test voltages are much higher than 
normal operating voltages. Typical test voltages used to test electrical appliances and tools are as follows: 

* For AC operated circuits (Class 1) with a ground, the recommended test voltage is typically 1000 VAC plus 
twice the normal operating voltage. For a 120 VAC rated device the test voltage would be 1250 VAC. Also, 
for a 240 VAC rated device the test voltage would be 1500 VAC. 

* When an AC voltage operated device is tested using DC voltage, the AC test voltage must be multiplied 
by 1.414 (rms to peak value) to acquire the proper DC voltage level for testing. For example, a 1250 VAC 
test voltage would be 1768 VDC. 

e For AC voltage operated circuits without a ground (Class 2 — double-insulated), the required test voltage is 
typically higher. Test voltages of 2000 VAC or more are often specified for 120 VAC operated devices. 
The test voltage is applied by a test instrument with the device being tested disconnected from any external power 

source. The test voltages are applied between the parts of the product which an electrician may come in contact with 

under normal operating conditions and the electrical conductors which would be applying power to the device. 


MEGOHMMETER INSULATION 
TESTING 


A hipot test is typically performed after a product 
is manufactured to ensure there are no manufac- 
turing faults and after a product (typically cable) 
is installed to ensure there was no damage during 
installation. A hipot tester does not directly mea- 
sure insulation resistance, but rather determines if 
insulation is good or bad by measuring the amount 
of leakage current through the insulation. 

When the actual resistance value of insulation 
is to be measured, a test instrument that measures 
resistance must be used. Since insulation resistance 
is extremely high, the test instrument (megohmme- 


ter) must be able to measure and display resistance Electrical Apparatus Service Association, Inc. 
: E MQ Megohmmeters can be used for testing defective motor winding 

values in the millions of ohms (MQ). КОШЕ 

Megohmmeters 


A megohmmeter is a high-resistance ohmmeter used to measure insulation deterioration on various wires by 
measuring high resistance values during high voltage test conditions. A megohmmeter forces a high DC volt- 
age into a conductor or motor winding being tested and measures the leakage current through the insulation 
to calculate the resistance of the insulation. A megohmmeter measurement is displayed in megohms, which 
are calculated using Ohm's law. 

Megohmmeters are manufactured in a variety of styles. Most megohmmeters have a function switch or 
selector switch to choose the appropriate test voltage. The megohmmeter display can be an analog display or 
a digital display. The power source of a megohmmeter can be a hand crank, battery power, or 120 VAC. Some 
models have dual power sources such as a hand crank and 120 VAC. See Figure 7-19. 
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Figure 7-19. Megohmmeters are high-resistance-range meters powered by hand cranks, batteries, or 120 VAC. 


Troubleshooting Tip 


READING ANALOG 
MULTIMETER SCALES 


When reading an analog scale, add the primary, 
secondary, and subdivision readings. For example, with 
the dial switch set on “R x 100,” the reading is 5000 Q. 
When set on “R x 1,” the reading is 50 Q. 
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Insulation in good working order has a high resistance. Insulation in poor working order has a low resistance. 
Insulation is damaged by moisture, oil, dirt, excessive heat, excessive cold, corrosive vapors, aging, and vibration. 
The ideal megohmmeter measurement is infinite resistance between a conductor or motor winding and ground. 
Infinite resistance is depicted by an infinity symbol (оо). Often a megohmmeter measurement is less than infinite. 

Megohmmeter measurements typically follow the general rule of thumb of 1 MQ of resistance for every 1000 V 
of insulation rating. When using a megohmmeter, the test voltage is typically rounded up to the nearest 1000 V. 
For example, wire used in 480 VAC or 240 VAC distribution systems has a rating of 600 V. For testing purposes 
consider the wire to have 1000 V insulation. The stator winding insulation for inverter duty motors has a rating 
of approximately 1500 V. For testing purposes consider the stator winding to have 2000 V rated insulation. 

Several megohmmeter readings must be taken over a period of time because the resistance of good insulation 
varies with time. Megohmmeter readings are typically taken when an electrical device such as a motor is installed 


and at regular intervals thereafter. An electrical device is in need of service when a megohmmeter measurement 
is below the minimum acceptable value. 


EN 
GAUTION AN 
/ е 
yj | \ Insulation Spot-Test Measurement 
A megohmmeter uses very high voltages during testing Procedures 
(up to 5000 V). Avoid touching the test leads to any ground. An insulation spot test is a test that verifies the 


Always follow the recommended procedures and safety rules зи e iei 1 ical devi h 
of the manufacturer. After performing insulation tests with a integrity of insulation on electrical devices such as 


megohmmeter, connect the device being tested to ground stator windings, load conductors, cables, switch- 
through a 5 ко, 5 W resistor if the megohmmeter does not gear, heaters, and transformers. For example, 
о an insulation spot test is taken when a motor is 
placed in service and every 6 months thereafter. 
Types of Megohmmeter Insulation An insulation spot test should also be taken after 
Resistance Testing a motor has had maintenance or been rewound. 
See Figure 7-20. 
During an insulation spot test, the test leads 
of the meter are connected across the conductor 


There are three basic types of insulation tests 
used to determine the condition of insulation. The 
three insulation tests are the insulation spot test, 


the dielectric absorption test, and the insulation 
step voltage test. 


Insulation Spot Testing. An insulation spot test 
is a short-term test in which a megohmmeter is 
connected to a test conductor over about a 60 sec 
time period. 


Dielectric Absorption Testing. A dielectric 
absorption test is a longer term test in which a 
megohmmeter is connected to a test conductor at 
various time intervals that last about 10 minutes. 


Insulation Step Voltage Testing. An insulation 
step voltage test is a test in which a megohmmeter 
is connected to a test conductor and applies an ever 
increasing voltage level (500 V, 1000 V, 1500 V) to 


and insulation being tested. The test leads are also 
connected across any other conductor that may 
come in contact with the insulation being tested. 
The test voltage is applied for 60 sec to allow for 
the most accurate measurements. 

Interpretation of the measured resistance val- 
ues requires knowledge of previous resistance 
measurements, so recordkeeping is important. 
Megohmmeter manufacturers include charts for 
recording and plotting resistance measurements 
over time. 


Technical Tip 


measure the insulation resistance at various voltage When performing insulation tests that require working 
within a specific time frame, it is important to maintain the 


levels. Some megohmmeters automatically scout exact amount of time for each test. For example, if a spot test 
all resistance measurements taken during testing. is performed for 65 sec, each recurring spot test should be 
performed and recorded for 65 sec. 


Test Instruments 


MEGOHMMETER INSULATION SPOT-TEST MEASUREMENT PROCEDURES 
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Figure 7-20. Insulation spot tests verify the integrity of insulation on electrical devices such as stator windings, load conduc- 


tors, cables, switchgear, heaters, and transformers. 


Before taking any insulation spot-test measurements using a megohmmeter, ensure the megohmmeter is 
designed to take measurements on the system or wires being tested. Refer to the operating manual of the test 
instrument for all measuring precautions, limitations, and procedures. Always wear required personal protec- 
tive equipment and follow all safety rules when taking the measurement. To perform an insulation spot test 
using a megohmmeter, apply the following procedures: 


Ө Set the function switch of the megohmmeter to the proper test voltage level. The test voltage is typically 
set higher than the voltage rating of the insulation being tested to stress the insulation. The 1000 V setting 
is typically used for motors and conductors operating at 480 VAC. When a megohmmeter does not have 
a 1000 V setting, use the voltage setting closest to but not greater than 1000 V. 


Ө Plug the test leads of the megohmmeter into the proper meter jacks. 
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© Connect the black test lead of the megohmmeter to a grounded surface. 
© Connect the red test lead of the megohmmeter to one of the motor winding leads or an individual conductor. 


Ө Apply the test voltage for 60 sec. Record the megohmmeter reading. Record the lowest reading on an in- 
sulation spot-test graph when all readings are above the minimum acceptable reading. The lowest reading 
is used because a motor or a set of feeder conductors is only as good as the weakest point. 


Q Discharge the circuit being tested. 
Ө Repeat steps 4, 5, and 6 for the remaining motor winding leads or individual conductors. 
Q Remove the megohmmeter from the motor leads and turn OFF the meter to prevent battery drain. 


© Interpret the measurements taken. 

Megohmmeter readings must be interpreted. See Figure 7-21. A motor installed outdoors and tested two 
days in arow can have two different readings depending on the weather (foggy conditions one day would result 
in low MQ and sunny conditions the next day would result in high MQ). In general, megohmmeter readings 
are the most useful when taken semiannually over a period of years. A sudden drop in a resistance measure- 
ment of a motor such as 100 MQ to 2 MQ over a six-month period is an indication of a problem, even when 
the measurement is above the accepted value. A large difference between resistance measurements of motor 
leads (L1 = 20 MQ, L2 = 21 MQ, and L3 = 1 MQ) also is an indication of a problem. 

The cause of low resistance readings must be determined. The cause can be moisture, dirt, or damaged 
insulation. Typically, low resistance readings require the motor or conductors to be repaired or replaced. The 
repaired or replaced items must be tested with a megohmmeter before being placed into service. 


INTERPRETING MOTOR INSULATION 
... RESISTANCE MEASUREMENTS 


Dielectric Absorption Test 
Measurement Procedures 


| | | | EFFECTS OF AGING 
A dielectric absorption test is a test that verifies AND CONTAMINATION 


the absorption characteristics of insulation in good 
working order. Insulation that has been contami- 
nated will not pass a dielectric absorption test. The 
test is typically performed over a 10-minute time 
period. Typically, the resistance measurements are 
taken every 10 sec for the first minute and every 
minute thereafter. 

The measured resistance values are plotted 
using graph paper provided by the manufacturer 
of the test instrument. The slope of the curve 
determines the condition of the insulation. 
Insulation in good working order will show a 
continuous increase in resistance over time. In- 
sulation that is damaged with cracks, moisture, 
or contamination will have a relatively flat curve. 
See Figure 7-22. 
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Figure 7-21. A sudden drop in insulation resistance 
measurements of a motor, as from 100 MQ to 2 MQ over a 
six-month period, is an indication of a problem. 
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Figure 7-22. A dielectric absorption test verifies the absorption characteristics of insulation with measurements that are 
plotted on graph paper to provide a curve that is used to determine the condition of the insulation. 


Before taking any dielectric absorption test measurements with a megohmmeter, ensure the megohmmeter 
is designed to take measurements on the system or wires being tested. Refer to the operating manual of the test 
instrument for all measuring precautions, limitations, and procedures. Always wear required personal protec- 
tive equipment and follow all safety rules when taking the measurement. To perform a dielectric absorption 
test, apply the following procedures: n ` 


@ Connect a megohmmeter to measure the resistance of each winding lead to ground. Service the motor when 
a reading does not meet the minimum acceptable resistance values. Record the lowest meter reading on a 
dielectric absorption test graph. Record the readings at 10-second intervals for the first minute and every 
minute thereafter for 10 min. 


o9 Discharge the motor windings. 


e Interpret the measurements taken. 
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MINIMUM ACCEPTABLE 
А п а жүр POLARIZATION INDEX VALUES 
polarization index is obtained by dividing = = -— 


the values of the 10-minute measurement by the | Insolation | Value 


value of the 1-minute measurement. The polar- Class A 
ization index is an indication of the condition 
of the insulation of a motor or conductor. A low 
polarization index indicates excessive moisture Class F 
or contamination. See Figure 7-23. 


Class B 


Figure 7-23. A polarization index is obtained by dividing 
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fClass В] Ls Коо аы mea urement the values of the 10 min measurement by the value of the 
of Class B insulation is 80 MQ and the 10-minute 1 min measurement, which provides an indication of the 


measurement is 90 MQ, the polarization index is condition of the insulation of a motor or conductor. 


90 MQ 
25 ine = 1.125). The insulation must 


contain excessive moisture or contamination. Technical Tip | = 


The 10 min to 1 min measurement of polarization index (PI) 
testing is covered by IEEE Standard 43-2000. 


Insulation Step Voltage Test Measurement Procedures 

An insulation step voltage testis a test that creates electrical stress on internal insulation cracks to reveal aging 
or damage not found during other motor or conductor insulation tests. An insulation step voltage test is similar 
to a hipot test, except the displayed measurement on the megohmmeter is in ohms, not amps. The insulation 
step voltage test is performed only after an insulation spot test has been completed. See Figure 7-24. 

As with a hipot test, when insulation fails due to high voltage, damage occurs. Insulation failure is not neces- 
sarily bad because the weak point that failed would have typically failed over time anyway. The general thought is 
that there is no good time for any failure, but being able to predict a failure during testing allows for a controlled 
failure. Due to the ability to predict failure, insulation step voltage testing and hipot testing are typically performed 
before a product is placed in service or sold and during scheduled preventive maintenance shutdowns. 

Before taking any insulation step voltage test measurements using a megohmmeter, ensure the megohm- 
meter is designed to take measurements on the system or wires being tested. Refer to the operating manual 
of the test instrument for all measuring precautions, limitations, and procedures. Always wear required 
personal protective equipment and follow all safety rules when taking the measurement. To perform an 
insulation step voltage test, apply the following procedures: 


© Set the function switch of the megohmmeter to 500 V and connect the test leads of the meter to measure 
the resistance of each winding lead to ground. Take a resistance measurement every 60 sec. Record the 
lowest reading. 


@ Place the meter leads on the winding lead that has the lowest reading. 
© Increase the megohmmeter test voltage by increments of 500 V starting at 1000 V and ending at 5000 V. 
Record measurements every 60 sec. 


Q Discharge the motor windings. 
Interpret the results of the test to determine the condition of the insulation. The resistance of insulation in 


good working order that is thoroughly dry remains approximately the same as the voltage levels increase. The 
resistance of deteriorated insulation decreases substantially as the voltage levels increase. 
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Figure 7-24. An insulation step voltage test is similar to a hipot test, except the displayed measurement is in ohms, 
not amps. 


GROUND CONTINUITY AND 
BOND TESTING 


A grounding system is somewhat like seatbelts 
and air bags in automobiles; all are designed to 
protect individuals during an accident. In an elec- 
trical system, the ground removes (drains off) any 
leakage current from exposed non-current-carrying 
metal parts and directs any high fault current (short 
circuit) to ground. 


Technical Tip 


Megger Group Limited 
An insulation step voltage test is performed using a megohmmeter. grounded and grounding conductors. 
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In order to remove any leakage current from 
exposed non-current-carrying metal parts, the 
grounding system must connect all non-current- 
carrying metal parts to the ground prong of the 
power cord or to a permanent ground. In addi- 
tion to being connected to ground, each part of 
a grounding system must have a low impedance 
(resistance) path to ground. To ensure that all 
non-current-carrying metal parts are connected to 
a grounding prong or permanent ground, a ground 
continuity test is performed. A ground continuity 
test 15 a test that verifies that a low impedance (re- 
sistance) path exists between all exposed conduc- 
tive metal parts and the ground (green) conductor 
of the device. See Figure 7-25. 

Even when the ground continuity test shows 
that all non-current-carrying parts are connected 
to the ground prong by a low impedance path, 
the grounding system may not be large enough to 
handle a fault current. A high fault current flowing 
through a small (undersized) conductor or path can 
blow apart (open) a grounding path before a fuse or 
circuit breaker removes power from the electrical 
device. When a grounding conductor or circuit is 
disabled, the ground is lost and an electrical shock, 
fire, or damage can take place. To ensure that a 
grounding system is properly sized, a ground bond 
test is performed. A ground bond test is a test that 
verifies that a grounding circuit (ground conductor 
and all grounding parts) of an electrical device is 
of sufficient size to carry a fault current to ground. 
The ground bond test passes a high current, typi- 
cally 20 A to 30А for typical appliances and tools, 
through the grounding circuit to determine if the 
circuit can carry a high fault current. 
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Figure 7-25. Ground continuity tests verify that all non- 
current-carrying metal parts of a tool are connected to a 
grounding prong or permanent ground. 
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Test. Instruments 


Instrumentation and process control test instruments are used for situations 
where industrial process properties are to be measured. These types of test 


instruments include calibration test instruments, gauges, temperature meters, ' 
humidity meters, pressure meters, flowmeters, air velocity meters, conductivity 


meters, and gas detection meters. 


INSTRUMENTATION 


Test instruments are designed to take and display 
measurements of electrical properties (voltage and 
current) and environmental (gases, wind speed, 
and light), physical (weight and thickness), and 
operating conditions (speed, pressure, and flow 
rate). Instruments are designed to be used as 
permanent devices within a facility for process 
control. Test instruments are designed to be used 
as portable devices and acquire the same informa- 
tion (signals) that instruments generate, but are 
typically used for troubleshooting. 


EXPLOSIONPROOF APPARATUS 


An explosionproof apparatus is equipment that is 
enclosed in a case that is capable of withstanding any 
explosion that may occur within it without permitting the 
ignition of flammable gases or vapors on the outside 
of the enclosure. 


Troubleshooting Tip 


Fluke Corporation 


Which test instrument is used depends upon 
the application, required accuracy of the mea- 
surement, operating environment, and desired 
results. The application determines the type of 
measurement taken, such as voltage, pressure, or 
whether a gas is present. The required accuracy 
of a measurement determines the model used (the 
higher the accuracy, the higher the cost). The op- 
erating environment determines the grade of test 
instruments that must be used—whether standard 
grade (the lowest cost), commercial grade, or in- 
dustrial grade (the highest cost) test instruments. 
The operating environment determines whether 
an instrument must be designed to operate in a 
hazardous location or another type of special loca- 
tion. For example, explosionproof instruments аге 
required in Class I, Division I locations. The de- 
sired results determine whether a test instrument 
with an analog display, digital display, or graphic 
display is used. The desired results also determine 
when to only display measurements, when to take 
and record (log) measurements, when to take only 
one type of measurement, or when to take various 
types of measurements. 


Test Instruments 


Process Control and Instrumentation 


Instrumentation is a large part of the process control industry. /nstrumentation is the use of gauges and other 
measurement mechanisms to determine the value of electrical, environmental, physical, and operating condi- 
tions. A process is an operation or sequence of operations in which the substance being treated is changed. 
The change can be from one energy state to another state (cold to hot), a change in composition (wood pulp 
to paper), or a change in size or shape (rocks to gravel). Processes produce the products consumed each day 


such as food, fuel, coatings, pharmaceuticals, paper, and chemicals. A coatings manufacturing batch operation 
is an example of a process. See Figure 8-1. 
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Figure 8-1. A process is an operation or sequence of operations in which the substance being treated is changed. 
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Processes require the use of instrumentation to measure variables such as temperature, humidity, pressure, vacuum, 
flow, conductivity, voltage, current, resistance, speed, time, and other process operating conditions. Without the 
ability to accurately measure process variables, standards, quality control, and documentation would be limited. 

Instruments installed as part of a process of making a product are of a permanent type. Test instruments used 
as part of a troubleshooting system or when performing preventive maintenance tasks are of the portable type. 


Portable and Permanent Test 
Instruments 


A portable test instrument is a test instrument that 
takes one or more measurements and is designed 
to only be temporarily connected to a circuit or 
system when taking measurements. A permanent 
test instrument is a test instrument that takes 
one ог more measurements and is designed to 
be permanently connected to a circuit or system 
when taking measurements. Portable test instru- 
ments are typically used by electricians when 
troubleshooting a circuit or system. Permanent 
test instruments are used by labs, quality control 
departments, and inspectors. Portable and per- 
manent test instruments and meters measure the 
same types of variables. See Figure 8-2. 

Portable test instruments are designed to be 
hand carried and typically include accessories 
such as various types of test leads and subject 
matter attachments. Test instruments must be kept 
in protective cases or carrying cases (with the 
operating manual) when not in use. Because por- 
table test instruments are used in many different 
locations, the limits (CAT rating and maximum 
measurement limits) of the test instrument must 
be understood and applied to each application. 
Permanent test instruments are designed to be 
installed, calibrated, viewed, and recalibrated as 
required. 

To ensure that the correct instrument is being 
used for a given application, the ratings of perma- 
nent and portable test instruments must exceed the 
application ratings. Test instrument ratings must 
exceed the application ratings because the test 
instrument is expected to be used over and over 
again without damage. 


Fieldpiece Instruments, Inc. 
Portable test instruments allow technicians to easily take measurements and 
readings in the field. 


Technical Tip 


To maintain optimum accuracy, digital test instruments 
should be calibrated at least once a year by a qualified 
agency. 


Calibration Test Instruments 


All test instruments are designed to take and 
display a measured quantity. Test instruments are 
also designed to take measurements and display 
the measurements within certain accuracy limits. 
The accuracy of a measurement is always within 
the specified rating of the test instrument when 
the instrument is operated within the manufacturer 
specified limits. 


Test Instruments 
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Figure 8-2. Portable test instruments are carried to the point of testing, permanent test instruments have samples brought 
to the lab for testing. 


Although the accuracy of any measurement is important, the accuracy of test instruments must be main- 
tained as close as possible to the actual value. To ensure accuracy, calibration test instruments are used to test 
(and retest after adjustments are made) other test instruments using circuit or process parameters. To ensure 
accuracy, calibration instruments must be properly understood, applied, and maintained. 

Calibration test instruments measure variable quantities the same way as standard test instruments, except 
calibration test instruments have a much higher accuracy rating. Calibration test instruments also include spe- 
cial features that are used during testing and calibration of standard test instruments. For example, calibration 
test instruments typically can output voltage and current as well as measure voltage and current. Calibration 
test instruments are used to test and adjust variable frequency drives and PLCs to ensure proper operation. 
See Figure 8-3. 
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CALIBRATION TEST INSTRUMENTS 


Accuracy Specification 


Measurements are typically not exact because 
the test instrument taking the measurement is not 
exact. All test instruments have an accuracy rating 
that determines how close the measurement of the 
instrument will be to the actual value. Manufac- 


VARIABLE 
FREQUENCY DRIVE turers specify the accuracy of their instruments 
VARIABLE FREQUENCY | r to a certain plus or minus percentage of the total 
DRIVE ‚и | range or scale of the instrument. Manufacturers 
typically specify control element accuracy as the 
о ——— worst-case accuracy over the entire range. There 
MOTOR DRIVE VARIABLE are various ways manufacturers list the accuracy 
аса тт "E of meters. See Figure 8-4. For example, when a 
TO 10 VDC TO20mA TERMINALS pressure gauge has an indicated range of 0 psi to 
INPUT INPUT E CE 60 psi, the accuracy of the meter reading can be 
GND 1.2 3 4-95. B в 9 10 11 12 13 14/5 listed as follows: 
(Doo opel, Ф e +0.5% of Full Face Value. 
ТНР ee ees ТОШ ВЫ ФТЬ Oe ener Ш Berns ИТР NN ИНИ НИТ +0.5% x 60 psi zc psi (0.005 x 60 = 0.3). 
CALIBRATION TEST At any point within the range of the meter (0 
ШЕЛ to 60 psi) the reading will be within +0.3 psi in 
VOLTAGE == error. The lower the measured value, the greater 


the percentage of error. 

A 60 psi reading has an accuracy reading 
equal to +0.5% (psi = +0.3 psi + 60 psi = 
+0.005 = 0.5 %). 


METER CAN SOU Bee (c A 30 psi reading has an accuracy reading equal 
AND READOVDCTO `~, ES to +1% (psi = +0.3 psi + 30 psi = +0.01 = 1%). 
10 VDC OUTPUT AND m 
4 mA TO 20 mA OUTPUT A lO psi reading has an accuracy reading equal 
to +3% (psi = +0.3 psi + 10 psi = +0.03 = 3%). 
Figure 8-3. Calibration test instruments that can output a e +0.5% of Reading. 
voltage and current as well as measure a voltage and current Percentage of reading provides a more ac- 
are used to check and adjust variable frequency drives and curate reading at all measurements within the 
PLCs to ensure proper operation. test instrument rating. 
A 60 psi reading has an accuracy reading 
of = 0.5% 
A 30 psi reading has an accuracy reading 
There are applications in which the displayed of = +0.5%. 
measurement must be as close as possible to the A 10 psi reading has an accuracy reading 
actual value. For example, a flowmeter can have of = +0.59%. 


an accuracy rating of +2.5% or +1.5%, depending 
upon the model. When a flowmeter is used to mea- 
sure the flow rate of a product that is being sold or 
added to a process, the difference between models 
can produce a 1% error above the already possible 
1.5% error on the best model. The 1% represents a 


Technical Tip 

10 gal. per 1 000 gal. error, which is not acceptable When calibrating a test meter or instrument, the material or 
i EISE me Gt equipmeut of the reference standard should be as close as 

for the quality control or accounting dep B possible to the actual material or equipment and problem. 


most companies. Control samples used during the calibration should be mea- 
sured for accuracy prior to every test. 
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Figure 8-4. All test instruments have an accuracy rating that determines how close to the actual measurement the test 
instruments measurement should be. 


Single-Function and Multifunction TEMPERATURE TEST INSTRUMENTS 
Meters and Attachments 


Single-function test instruments are designed to take 
a single measurement such as temperature only, 
humidity only, or resistance only. Single-function 
test instruments cost less and perform well in ap- 
plications that require only a single measurement. 
Multifunction test instruments such as multimeters 
cost more, but offer choices as to the measurements 
taken. 

In addition to single-function and multifunction 
test instruments, a standard multimeter (digital or 
analog) can be used with attachments (adapters) 
that allow the multimeter to measure almost any 
type of variable. See Figure 8-5. Most attachments 
output 1 mV DC per unit of measurement (per 
degree temperature, per rpm, or per dB). Most 
multimeters include a mV DC setting in addition 
to the standard DC setting to allow taking measure- 
ments with subject matter attachments. The mV 
DC setting allows for a more precise measurement 


because of the higher resolution. Resolution is the 

degree of precise measurement a test instrument Technical Tip 

is capable of taking. Heat trausfer rate (Q_) is the amouut of heat (О) supplied by 
a heatiug element per unit tine, usually per minute. 


Temperature test instruments are used to measure 
the intensity of heat at a measuring point. Heat is 
thermal energy. Anything that transfers heat is a 
heat source. Electrical energy may be converted 
into thermal energy. Electricity is used to heat 
almost any gas, liquid, or solid. Electricity is used 
to produce heat in many residential, commercial, 
and industrial applications. 

Heat produced from electricity, gas, coal, and 
other fuels is used in residential and commercial 
applications to heat rooms, heat water, cook food, 
and dry clothes. Most industrial processes call for 
the heating of liquids, solids, and gases. Heat is 
used to refine and process metals, refine crude oil, 
process foods, remove moisture, shape metals and 
plastics, produce steam, join metals and plastics, 
harden metals, and cure finishes such as paint, 
enamels, and varnishes. 
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Figure 8-5. A standard multimeter, either digital or analog, can be used with attachments (adapters) that allow the multimeter 
to measure almost any type of variable. 


Heat is measured in British thermal units (Btu) 
or calories (cal). The British thermal unit is a unit 
of measurement used to measure the amount of 
heat in the U.S. system of measurements. The calo- 
rie is a unit of measurement used to measure the 
amount of heat in the metric system of measure- 
ments. A British thermal unit (Btu) is the amount 
of heat required to raise | Ib of water 1°F. A calorie 
is the amount of heat required to raise 1 gram (g) of 
water 1°C. One Btu is equivalent to 252 calories, 
or 0.252 kilocalories. See Figure 8-6. 

Although the unit of heat energy is the Btu 
or calorie, electrical heating requires electrical 
energy to produce the heat. In the electrical 
field, electrical energy is measured in watts. 
Most electric heating elements are rated in 
watts. The amount of electrical energy used 
by a heating element is dependent upon the 
power rating of the heating element (in watts) 
and the amount of time (in hours) the heating 
element is ON. 
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Figure 8-6. One Btu is equivalent to 252 calories, or 0.252 
kilocalories. A calorie is the amount of heat required to raise 
1 g of water 1°C. 
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Temperature 


Temperature is the measurement of the intensity 
of heat. The amount of temperature increase 
depends upon the amount of heat produced, the 
mass of the object being heated, and the mate- 
rial of which the heated object is composed. The 
higher the amount of produced heat, the faster the 
temperature increases in the mass of the object 
being heated. The larger the mass of an object be- 
ing heated, the slower the temperature rise of the 
object being heated. The better the conductivity 
of the material that is being heated, the faster the 
heat transfer. The rate at which a material con- 
ducts heat depends on the thermal conductivity 
rating of the material. 

Thermal conductivity is the ability of a material 
to conduct heat in the form of thermal energy. The 
higher the thermal conductivity rating, the faster 
the material conducts (transfers) heat. The lower 
the thermal conductivity rating, the slower the 
material conducts (transfers) heat. 

Gases and liquids, such as air and water, 
have poor thermal conductivity. Solids, such 
as aluminum and copper, have good thermal 
conductivity. The thermal conductivity number 
for a given material is based on the ability of the 
material to transfer heat. The number is based 
on the amount of heat transferred through | sq ft 
of surface area for a given thickness in Btu per 
hour, per 1°F difference through the material. 
Aluminum (thermal conductivity = 128) is a 
much better thermal conductor than steel (thermal 
conductivity = 26.2). Since aluminum is a much 
better conductor of heat, aluminum is frequently 
used for heat sinks. See Figure 8-7. A heat sink 
is a device that conducts and dissipates heat away 
from an electrical component. 


Temperature Conversion 


Temperature is typically measured in degrees 
Fahrenheit (°F) or degrees Celsius (°C). Be- 
cause both Fahrenheit and Celsius systems are 


Technical Tip - 


commonly used in the electrical field and on most 

temperature test instruments, converting one unit 

to the other may be required. See Figure 8-8. 
To convert a Fahrenheit temperature reading 

to Celsius, subtract 32 from the Fahrenheit read- 

ing and divide by 1.8. To convert Fahrenheit to 

Celsius, apply the following formula: 

ВЕЖЕ 

ХЕТ 


о 


where 

°C = degrees Celsius 

°F = degrees Fahrenheit 

32 = difference between scales 
1.8 = ratio between scales 
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Figure 8-7. When heat is applied, the rate of temperature 


increase is affected by mass and conductivity. 


Specific heat capacity (c) of a substance is the quautity of heat required to iucrease the teuiperature of a uuit mass of the sub- 
stance by I degree. The specific heat capacity of a substauce is a coustaut, the numerical value of which depeuds ou the sub- 
stance. For example, the specific heat capacity (c) of aluminum is 0.212, of ice is 0.430, aud of water is 1.000. 
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For example, a digital thermometer indicates 
a reading of 158?F. Convert the Fahrenheit tem- 
perature to Celsius. 


ШЕ 
1.8 
= 39) 
c Р 
1.8 
ape ED 
1.8 
°С=70 


To convert a Celsius temperature reading to 
Fahrenheit, multiply the Celsius reading by 1.8 
and add 32. To convert Celsius to Fahrenheit, 
apply the formula: 

pe (16 ж °C) 32 

where 

°F = degrees Fahrenheit 

1.8 = ratio between scales 

°С = degrees Celsius 

32 = difference between scales 


FAHRENHEIT TO CELSIUS 
|... CONVERSION 


Convert 82°F to Celsius. 


am _ (CF-32) 
C= 1.8 


Я (82— 32) 
C= ie 


50 


С=—1% 


°С = 27.8°С 


For example, а digital thermometer indicates 
a reading of 200°C. Convert the Celsius tempera- 
ture to Fahrenheit. 


К = (1.8% °C) + 32 
°F = (1.8 x 200) + 32 
°F = 360 + 32 

BE 392 


Fieldpiece Instruments, Inc. 
Interchangeable temperature probes used with temperature meters include 
the universal wire thermocouple and the pipe clamp type. 


Convert 18'C to Fahrenheit. 
°F z2(18x'C)432 
°F = (1.8 x 18) + 32 
°F = 32.4 + 32 


°F = 64.4°F 
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Temperature Probes 


Test instruments can measure temperature with a probe to take the temperature of the test point. A temperature 
probe is the part of a temperature test instrument that measures the temperature of liquids, gases, surfaces, and 
pipes. The temperature probe required depends on the material being measuréd, the temperature measurement 
range, and the accuracy required. 


Contact Temperature Probes. A contact temperature probe measures temperature at a single point by di- 
rect contact with the area being measured. Contact temperature probes are used to measure the temperature 
of various solids, liquids, and gases, depending on the type of probe used. Contact temperature probes are 
connected directly to a temperature measuring test instrument, or the probes are connected to a temperature 
module between the probe and instrument. See Figure 8-9. 
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Figure 8-9. A contact temperature probe connected to a DMM can measure temperature at a single point by direct contact 
with the area measured. 
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The most common contact temperature probe uses a thermocouple for temperature measurement. A ther- 
mocouple is a device that produces electricity when two different metals that are joined together are heated. 
The voltage produced is proportional to the applied heat (measured temperature). The higher the temperature 
applied to a thermocouple, the higher the voltage produced by the thermocouple. The voltage produced is 
typically limited to a few millivolts. The voltage produced in mV DC is converted to a temperature measure- 
ment and displayed as degrees, typically in Fahrenheit or Celsius. 

CAUTION () 
Noncontact Temperature Probes. A noncontact e 
temperature probe is à device used for taking When taking a temperature measurement, always use a 


temperature measurements on energized circuits temperature probe that is rated higher than the highest possible 


or on moving parts. An infrared temperature temperature to be measured. 


probe is a noncontact temperature probe that 
senses the infrared energy emitted by a material. 
All materials emit infrared energy in proportion 
to the temperature at the surface of the material. 
Infrared temperature probes are commonly used 
to take temperature measurements of electrical 
distribution systems, motors, bearings, switch- 
ing circuits, and any other equipment where 
electrical heat buildup is critical. A noncontact 
temperature probe is an accessory for a DMM. 
See Figure 8-10. 
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Figure 8-10. An infrared temperature probe connected 
to a DMM can be used to assess the condition of electrical 
connections and operating equipment. 


Temperature Measurement 
Procedures 


Temperature measurements can be taken using 
contact or noncontact temperature test instruments 
(noncontact thermometers). Considerations when 
taking a temperature measurement are identifying 
the best place in the circuit or system to take the 
measurement, and identifying the best type of 
temperature instrument and attachment to use for 
the application. See Figure 8-11. 

To measure temperature using a temperature 
measuring test instrument, apply the following 
procedures: 


Q Turn the test instrument ON. 


O Ensure the test instrument measuring range 
exceeds the highest possible temperature 
measurement at the test point. 


© Set the test instrument to measure degrees Fahr- 
enheit (°F) or degrees Celsius (°С). 


Test Instruments 


Ө Connect the test instrument to the test point, 
or point the noncontact thermometer in the 
direction of the equipment to be measured that 
is within the operating range recommended by 
the manufacturer. 


© Read and record the displayed value. 


Q Remove the test instrument from the test 
point. 


о Repeat procedure for all additional measure- 


HUMIDITY AND MOISTURE TEST 
INSTRUMENTS 


Humidity is the amount of moisture (water vapor) 
in the air as a gas. Humidity varies according to 
the temperature and pressure of the air. The warmer 
the air is, the more water vapor the air can hold and 
the higher the humidity. When air cannot hold any 
more moisture, the air is saturated. Sensible humid- 
ity is typically expressed as relative humidity or 
dewpoint. Relative humidity (% RH) 15 the amount 


of moisture in the air compared to the amount of 
moisture the air can hold at saturation. Relative hu- 
midity is the most common method of expressing the 
amount of water vapor contained in air. For example, 
when air contains only half of the water vapor the air 
can hold, the relative humidity is 50%. Fog results 
when the relative humidity of air is 100%. 


ments that are required. 


Q Turn the temperature test instrument OFF. 


| Technical Tip | Tip 


The electrical conductivity of a substance will change de- 
pending on the amount of humidity in the air. 


NONCONTACT THERMOMETER MEASUREMENT PROCEDURES 


HIGH VOLTAGE 
TRANSFORMER VAULT 


READ AND RECORD 
DISPLAYED VALUE €] 


VERIFY THAT TEST 
INSTRUMENT RANGE 
EXCEEDS APPLICATION 


TURN NONCONTACT | INSTRUMENT 
THERMOMETER ON sonco 


SET NONCONTACT THERMOMETER (INFRARED) 
THERMOMETER TO °F OR °C Є p —— 
A WARNING 


TURN NONCONTACT я е : , 
Follow all electrical safety practices and procedures 


THERMOMETER OFF Ө 

Check and wear personal protective equipment (PPE) 

REPEAT PROCEDURES FOR ALL for the procedure being performed 
MEASUREMENTS REQUIRED (4 З , 
Perform only authorized procedures 


Follow all manufacturer recommendations and procedures 


Figure 8-11. Temperature measurements can be taken using contact or noncontact temperature test instruments. 
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Moisture meters are used to measure the moisture content of building materials such as wood and insula- 


tion. Moisture meters are also used to measure the moisture content of industrial products such as corn or 
soybean germ. 


Moisture Test Instrument Measurement Procedures 


Measuring and controlling moisture is an important part of commercial and industrial applications such as in 
drying processes, test chamber regulation, heat-treating operations, pharmaceutical production, raw material 
storage, food processing, and HVAC systems. Moisture test instruments can sense a number of different fac- 
tors, with relative humidity (degree of saturation) and absolute humidity (quantity of water vapor in a mixture 
of air and water) being the most common. Measuring and controlling moisture is an important part of the 
industrial process. The three main applications for moisture test instruments are measuring moisture in corn, 
in bulk solids or powders, and in fuels or liquids. See Figure 8-12. The electrical output from moisture test 
instruments can be analog current or voltage, frequency, or digital. Moisture test instruments are available in 
benchtop, handheld, or equipment-mounted models. 


.. MOISTURE TEST INSTRUMENT MEASUREMENT PROCEDURES | 
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Figure 8-12. A moisture test instrument can be used in many industries to measure the moisture of moisture-sensitive products. 
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Before taking any moisture measurements using 
a moisture test instrument, ensure the instrument 
is designed to take measurements in the area be- 
ing tested. Refer to the operating manual of the 
test instrument for all measuring precautions, 
limitations, and procedures. Always wear required 
personal protective equipment and follow all safety 
rules when taking the measurement. To measure 
moisture using a moisture test instrument, apply 
the following procedures: 


Q Tum the moisture test instrument ON. 


O Most moisture test instruments will also mea- 
sure the temperature of the air at the test point. 
Set the test instrument to display degrees 
Fahrenheit (°F) or degrees Celsius (°C). 


O Position the moisture test instrument for sam- 
pling the air or bring the test instrument in 
contact with the product being tested. 


О Read and record the displayed value. 


Ө Remove the test instrument from the test area 
or product. 


Q Take all additional measurements that are 
required. 


© Remove the moisture test instrument from the 
test area or product being tested. 


Q Turn the moisture test instrument OFF. 


RSING MERIAM 2RRÉLIUK 
REAN INCHES AMM TWERTIETES BF WATER PRESSURE. P 


Meriam Process Technologies 
Benchtop manometers are used to measure pressure in labs, quality control 
departments, or inspection areas. 


Troubleshooting Tip 


HUMIDITY RATIO 


Humidity ratio (W) is the ratio of the mass (weight) of 
the moisture in a quantity of air to the mass of the air 
and moisture together. Humidity ratio indicates the 
actual amount of moisture found in the air. Humidity 
ratio is expressed in grains (gr) of moisture per pound 
of dry air (gr/Ib) or in pounds of moisture per pound of 
dry air (Ib/Ib). A grain is a unit of measure that equals 
1/7000 Ib. For example, 1 Ib of air may contain 78 gr 
or 0.0111 Ib of moisture. Humidity represents latent 
heat. Latent heat is heat identified by a change of 
state and no temperature change. Therefore, latent 
heat cannot be measured with a thermometer. 


PRESSURE TEST INSTRUMENTS 


Pressure is force per unit of area. The exerted 
force always produces a deflection or change in 
the volume or dimension on the area to which it is 
applied. Pressure readings are taken by technicians 
and engineers to ensure safe and proper operation 
of equipment and facilities. Pressure is expressed 
in pounds per square inch (psi). Low pressures are 
expressed in inches of water column (in. wc). One 
psi equals 27.68 in. wc. 


A difference exists between pressure and force. 
For example, a block of steel (10 ir? footprint) 
weighing 200 16 that is on a table exerts only 20 psi 
(200 Ib + 10 sq in = 20 psi). Also, a 200 Ib force 
exerted over 10 sq in of a fluid produces 20 psi in the 
fluid system. Force is measured with a scale (fixed, 
portable, or hanging) and pressure is measured with 
a gauge. See Figure 8-13. 

The amount of pressure measured is displayed 
or stated as one of several types of pressure. When 
a pressure measurement is given and no unit is 
specified, then gauge pressure is presumed. See 
Figure 8-14. Pressure may be denoted as one of 
the following: 

* Pounds per square inch = psi 

* Gauge pressure — psig 

* Absolute pressure = psia 

* Differential pressure = psi or psid 
• Inches of water = in. wc 
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MEASURING FORCE AND PRESSURE 
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Figure 8-14. Atmospheric pressure at sea level is equal to about 14.7 psi and decreases at higher altitudes. 
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Gauge pressure is pressure relative to atmospheric pressure (barometric pressure). For example, when 
a tire gauge is used to measure the pressure in a tire, the tire pressure is measuring gauge pressure. Gauge 
pressure is the pressure above atmospheric pressure and vacuum is the pressure below atmospheric pressure. 
Normal atmospheric pressure is the pressure of the atmosphere at sea level, at 68°F, and with 36% humidity. 
Atmospheric pressure is 14.7 psia. See Figure 8-15. 
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Figure 8-15. Gauge pressure shows the numerical value of the difference between atmospheric pressure and absolute pressure. 


Fluids and gases under pressure are extremely dangerous. 


Ensure that there is no pressure in the system prior to 
connecting the pressure test instrument to the system that 
must be opened. The system must be completely purged, with 


Absolute .pressure is pressure measured from 
perfect vacuum, which is the zero point on the 
pressure scale. Absolute pressure measurements are 
not affected by changes in atmospheric pressure. 


Absolute pressure = gauge pressure + 14.7 psi. 
Differential pressure is the difference between 
two pressures where the reference pressure can 
be any pressure (not necessarily zero). Vacuum 
is an absolute pressure value expressed in inches 
of mercury, starting at atmospheric pressure and 
increasing in value (maximum is 29.92 in. Hg) as 
pressure drops to a perfect vacuum. 


Pressure Test Instrument 
Measurement Procedures 


In many applications, measurement of system pres- 
sure or vacuum is required when troubleshooting 
or servicing the system. See Figure 8-16. Common 
pressure measuring instruments include differential 
pressure meters and manometers. 

Determine the best place in the circuit/system 
to take the measurement. When a quick disconnect 
fitting for inserting a pressure test instrument is 
not included, the system must be opened to con- 
nect the pressure test instrument. 


all pressure removed. 


Before taking any pressure measurements using 
à pressure test instrument, ensure the instrument 
is designed to take measurements on the system 
being tested. Refer to the operating manual of 
the test instrument for all measuring precautions, 
limitations, and procedures. Always wear required 
personal protective equipment and follow all safety 
rules when taking the measurement. To measure 
pressure using a pressure test instrument, apply the 
following procedures: 


Ө Tun the pressure test instrument ON. 


Ө Ensure the test instrument measuring range 
exceeds the highest possible measurement in 
the system. 


O Connect the test instrument to the purged 
system. 
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© Pressurize the system for pressure measurement. 
| (7) Purge the system of all pressure. 
© Read and record the displayed pressure value 


on the pressure test instrument. Ө Remove the test instrument from the Sys- 


tem. 
Q Repeat procedures for all additional measure- 


ments that may be required. © Turn the pressure test instrument OFF. 


PRESSURE TEST INSTRUMENT MEASUREMENT PROCEDURES 


WARNING 


Non-pneumatic applications must be purged prior to 
meter connection 
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Figure 8-16. In many applications, measurement of system pressure or vacuum is required when troubleshooting or servic- 
ing the system. 
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FLOWMETERS 


All processes require the flow of material. The 
amount of product flow must be measured and 
known at all phases of receiving, production, 
and delivery. A flowing material can be a gas, 
vapor, liquid, or solid particles. Applications 
that use flowmeters to measure flow include the 


A flow measurement is actually a flow rate 
measurement. Flow measurement units include 
the following: 

e Gas = cubic feet per minute (cfm) or cubic feet 
per hour (cfh) 

* Vapor (steam) = pounds per hour (pph) 

* Liquid= gallons per minute (gpm), cubic feet per 


following: second (cfs), cubic feet per minute (cfm), barrels 
per hour (bph), or barrels per day (bpd) 

* Solid (powders) = pounds per hour (pph) or 
tons per hour (tph) 

* Slurry (liquid and solid mixture) = pounds per 
hour (pph) or tons per hour (tph) 

Flow is measured directly by in-line fixed 
meters, or can be closely approximated by non- 
contact flowmeters. See Figure 8-17. In-line fixed- 
flowmeters are the most accurate, but may create 
problems by interfering with the flow of less vis- 
cous products such as powders and slurries. 


* boilers 

* cooling lines 

* àir compressors 

* fluid pumps 

* food processing systems 
* machine tools 

* sprinkler systems 

* water treatment systems 
* heating processes 

* refrigeration systems 

* chemical processing and refining 
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Figure 8-17. Flow can be measured directly with in-line fixed-flowmeters, or can be closely approximated with a portable 
noncontact flowmeter. 
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Noncontact flowmeters allow for a close approximation (often within 2.0% or less, depending on prod- 
uct) measurement of flow. Noncontact flowmeters are ideal for testing or troubleshooting a system in which 
the indication of flow is more important than the exact value of the flow. Noncontact flowmeters operate 
by sending a signal into the pipe and measuring the reflections returning to the flow instrument. Thus, the 
readout is a velocity readout (ft/sec, etc.), but the velocity can easily be converted to a flow rate (gpm) by 
referring to manufacturers’ charts, or the conversion is done automatically if the test instrument includes 
the required software. The most common industrial noncontact flowmeters utilize ultrasonic technology. 


Flowmeter Measurement Procedures 


Problems occur when the flow is stopped or 
slowed. Flow can be stopped by frozen pipes, 
clogged pipes, or improperly closed valves 
(manual or automatic). Flow measurements are 
taken using contact or noncontact flowmeters. 
See Figure 8-18. 


Before taking any flow measurements using a 


flowmeter, ensure the EIU OU 1s designed to take Hand-held flowmeters can be used to measure flow rate without opening 
measurements on the system being tested. Refer to the system. 


GE Panametrics 


the operating manual of the test instrument for all 
measuring precautions, limitations, and procedures. 
Always wear required personal protective equipment 
and follow all safety rules when taking the measure- 
ment. To measure flow using a flow test instrument, 
apply the following procedures: 


(1) Purge the system of pressure prior to con- 
necting an in-line flow test instrument to the 
system that is to be opened. 


Ө Turn the flowmeter ON. 


Ө When а noncontact flowmeter is used, ensure 
the test instrument meets the requirements 
(allowable pipe material and size) set by the 
manufacturer for applications. 


© Connect the noncontact flowmeter to the 
transducer at the system test location. 


Ө Read and record the displayed flow value. 


Q Repeat procedures for all additional tests that 
may be required. 


Ө Remove the flowmeter from the system. 


Q Tum the flowmeter OFF. 


AIR VELOCITY TEST INSTRUMENTS 


The movement (flow) of air is important to 
various processes and applications. Velocity is 
the speed at which air, liquids, or solids travel 
through a system. The movement of air over 
heating elements and cooling elements is re- 
quired in heating and air conditioning systems. 
When air has excessive velocity, air does not 
transfer the appropriate amount of heat from 
heat exchangers in the system. Air velocity test 
instruments are used to measure the speed of 
airflow. Air velocity test instruments display 
air velocity in: 

* knots (kn) 

* miles per hour (mph) 

* feet per second (fps) 

* feet per minute (fpm) 

* meters per second (mps) 

* kilometers per hour (km/h) 
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Figure 8-18. A noncontact flowmeter may be used along various locations of complex piping systems to check for problems 
that cause the flow to stop or slow down. 
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Air Velocity Test Instrument Measurement Procedures 


Air velocity test instruments are used to test the speed of air coming out of ventilation ducts, exhaust systems, 
and other applications that require a measurement of air velocity. See Figure 8-19. A common use for air 
velocity test instruments is monitoring the flow of air when servicing heating, air conditioning, and ventilating 
equipment. Air velocity test instruments are also used for outdoor venues such as a sports stadium, aircraft 
control, monitoring weather conditions (anemometers), and other outdoor airflow applications. Some types 
are available with a temperature indicator in addition to a velocity indicator. | 

Before taking апу air velocity measurements using an air velocity test instrument, ensure the instrument is 
designed to take measurements on the system being tested. Refer to the operating manual of the test instrument 
for all measuring precautions, limitations, and procedures. Always wear required personal protective equip- 
ment and follow all safety rules when taking the measurement. To measure air velocity using an air velocity 
test instrument, apply the following procedures: 


Ө Turn the test instrument ON. 


@ Set the selector switch of the air velocity test instrument to display the desired units (fps, mph, or mps). 
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O Position the air velocity test instrument at the test location. 

Ө Read and record the displayed value. 

© Repeat procedures for additional measurements that may be required. 
Ө Remove the air velocity test instrument from the test location. 


Q Turn the air velocity test instrument OFF. 


AIR VELOCITY TEST INSTRUMENT MEASUREMENT PROCEDURES 
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Figure 8-19. Air velocity test instruments are used to measure the flow of air out of heating units, ventilation ducts, and 


exhaust systems, and for other applications that require a measurement of airflow. 
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Troubleshooting Tip | Troubleshooting Tip 


CONDUCTOR APPLICATIONS 


Wires and cables are used in building electrical 
systems to transmit electric power from the entry 
point of electric service (the utility entry point 
in the building) to the various outlets, fixtures, 
and utility devices. Electrical wires are designed 
for 600 V operations but are commonly used at 
voltages below that value such as 120 V, 240 V, or 
480 V. Insulations that are typically used include 
thermoplastics, natural and synthetic rubber, and 
TPO (thermoplastic olefin) compounds. Rubber 
insulations are usually covered with an additional 
outer jacket such as braids or PVC, for better abrasion 
resistance. Electrical wires for use in buildings are 
separated by type according to application by the 
NEC®. Classification is by a letter that designates 
the insulation type and application characteristics. 
For example, type R indicates rubber or synthetic 
rubber insulation and TW indicates thermoplastic 
insulation for use in wet environments. The letter 
H indicates heat resistance. Other commercial 
insulation materials include silicone, polyethylene, 
polypropylene, or variations of these materials. 
Electrical conductors are available in duplex and 
multiple conductor assemblies with each individual 
conductor covered with an insulating material and with 
the entire assembly covered by an outer jacket. Bare 
wires and cables are used for outdoor applications 
such as power distribution and transmission lines. 
Insulators that are made from porcelain, or glass in 
older systems, support bare wire conductors along 
power transmission lines. 


CONDUCTIVITY TEST 
INSTRUMENTS 


Conductivity (G) is the ability of a substance or 
material to conduct electric current. Conductiv- 
ity is the opposite of resistance. All substances 
conduct electric current to some degree. Insulat- 
ing materials such as glass, rubber, and plastic 
have extremely low conductivity and metals 
such as silver, copper, and aluminum have very 
high conductivity. The amount of conductivity 
a material has can be measured using a conduc- 
tivity meter. 


The measurement of conductivity is required 
for industrial applications in which the quality 
of water or the composition of a liquid solu- 
tion must be known. Many applications exist 
where conductivity of a solution or object must 
be known, for example in hospitals; breweries; 
hydroelectric plants; boiler feedwater systems; 
and food processing, petroleum processing, ag- 
riculture, chemical processing, mining, marine, 
wastewater treatment, manufacturing, and power 
generation operations. 

The unit of conductance is the siemens (S), 
which is the metric equivalent of the mho (1 mho = 
1 siemens). Conductivity is typically measured 
between opposite sides of a | cm cube of the ma- 
terial being tested. The 1 cm cube measurement 
indicates the conductivity in units of siemens/ 
centimeter (S/cm). The unit S/cm is too large for 
most conductance tests. For this reason, the unit 
of conductivity on most conductivity meters is 
mS/cm (millisiemens) or uS/cm (microsiemens). 
See Figure 8-20. For the best conductance test 
results, use a conductivity test instrument that has 
automatic temperature compensation. 
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Figure 8-20. The measurement of conductivity is required 
for industrial applications in which the quality of water or the 
composition of a liquid solution needs to be known. 
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Conductivity Test Instrument 
Measurement Procedures 


Before taking any conductivity measurements 
using a conductivity test instrument, ensure the 
instrument is designed to take measurements on 
the object being tested. Refer to the operating 
manual of the test instrument for all measuring 
precautions, limitations, and procedures. Always 
wear required personal protective equipment and 
follow all safety rules when taking the measure- 
ment. See Figure 8-21. To measure the amount 
of conductivity using a conductivity test instru- 
ment, apply the following procedures: 


Q Turn the conductivity test instrument ON. 


@ Set the selector switch of the conductivity test 
instrument to the highest range (or expected 
range). 


Ө Mix a solution (when required) and/or take 
readings at various locations. Fill a noncon- 
ductive container (made of glass, rubber, or 
plastic) with a sample of the solution to be 
tested. 


Q Place the measuring probe in the solution 
being tested or on opposite sides of a 1 cm 
cube. Keep the probe in the solution or on 
the cube until the reading has stabilized. 


Ө Read and record the displayed value. Note: 
To ensure proper readings, calibrate the con- 
ductivity test instrument on a regular basis, as 
specified by the manufacturer. 


© Remove the conductivity test instrument from 
the solution or cube. 


Ө Repeat procedures for all additional mea- 
surements that may be required to properly 
calculate an average. 


© Turn the conductivity test instrument OFF. 


To ensure an accurate conductivity measurement, the 
solution within the radius of the meter probe location must be 
representative of the solution as a whole. 


ЛУ 


Насћ 
A conductivity tester probe is immersed in а liquid solution to measure the 
liquid's ability to conduct electrical current. 


CONDUCTIVITY MEASUREMENT 
... PROCEDURES 
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Figure 8-21. A conductivity test instrument is used to mea- 
sure the conductivity of liquid solutions. 
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i i Troubleshooting Tip 


REFRIGERANT RECOVERY 


All refrigerants must be recovered before disposing 
of any type of equipment that has refrigerant in its 
system. Recovery equipment typically has desiccant 
packages to trap moisture, and an in-line particulate 
filter of 15 micron size to trap solids. Long hoses 
between the air conditioning or refrigeration unit and 
the recovery machine must be avoided to prevent 
excess pressure drops. Long hoses also cause 
an increase in refrigerant emissions if refrigerants 
escape to the atmosphere, because a longer hose 
has more volume. To facilitate refrigerant recovery, 
the EPA requires that service apertures or process 
stubs be installed on all appliances containing Class | 
or Class I! refrigerants. 


GAS AND REFRIGERANT TEST 
INSTRUMENTS 


Process gases, refrigerant gases, and other gases 
are kept under pressure in storage tanks when 
not being used in a system. With any system 
under pressure, leaks can develop. Large leaks 
are quickly detected by smell or loss of process 
requirements (cooling). Small leaks can be much 
harder to detect. Gas and refrigerant leak detec- 
tion test instruments are used to detect large and 
small leaks. See Figure 8-22. A leak detector 
is a device that is used to detect refrigerant or 
other gas leaks in pressurized air conditioning, 
refrigeration, or process systems. Leak detection 
is performed by using leak detection methods 
or one of many different types of leak detectors 
available such as soap bubbles, or electronic, 
fluorescent, ultrasonic, fixed, or halide torch 
leak detectors. 

Soap bubbles typically from a spray bottle are 
used to pinpoint leaks in a system by covering the 
piping with a soapy solution. As the refrigerant or 
other gas leaks, bubbles are formed at the point of 
the leak. Soap bubbles are used as a safe way to 
detect leaks from a system. Soap bubbles can only 
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be used in a system that is fully pressurized. Figure 8-22. A leak detection device detects refrigerant 


leaks in air conditioning or refrigeration systems. 
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An electronic leak detector is a leak detector 
that detects the presence of gases. Handheld elec- 
tronic leak detectors are considered the industry 
standard for detecting the location of refrigerant 
leaks. Electronic and ultrasonic leak detectors 
detect the general area of small refrigerant leaks. 
Electronic leak detectors work well for detecting 
small leaks, but large leaks can cause false posi- 
tives. A fluorescent leak detector is a leak detector 
that uses a UV light to detect fluorescent dye that 
is added to a system. Fluorescent leak detection 
works well as long as the system can be allowed to 
run after the dye has been injected into the system. 
An ultrasonic leak detector is a leak detector that 
listens for the sounds created by a leak. Ultrasonic 
leak detectors can pinpoint the location of a leak 
but cannot determine the size of a leak or the type 
of refrigerant or gas that is leaking. A fixed leak 
detector is a stationary leak detector system with 
sensors and controllers to detect one specific type 
of refrigerant. A halide torch leak detector is a leak 
detector that uses a torch flame that changes color 
depending on the type of gas pulled across a copper 
element. Halide torch leak detectors can determine 
the type and amount of gas that is leaking. Halide 
torch leak detectors are the least common type of 
leak detector used because of safety concerns cre- 
ated by the open flame. 

Nitrogen (actually nitrogen with a trace of 
R-22 refrigerant) can also be used to pressurize 
a system to determine if there are any leaks in 
the system. Nitrogen must not be added to a fully 
charged system and released to the atmosphere. 
Electricians must always verify the maximum 
test pressure allowed in a system by checking the 
pressure rating on the nameplate of the equipment 
being tested. 

Standing pressure and standing vacuum are 
pressure tests used to determine the presence of 
a leak and possibly the size of the leak. Neither 
standing pressure nor standing vacuum can be 
used to determine the location of a leak. Leaks 
in a system that is not pressurized are found by 
charging the system with nitrogen and a small 
amount of refrigerant. The system is charged 
to a specified pressure and then tested using an 
electronic leak detector. 
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EPA EVACUATION REQUIREMENTS 


Since July 13, 1993, technicians have been required 
to evacuate refrigeration and air conditioning 
equipment to establish vacuum levels when opening 
equipment. An EPA-approved equipment testing 
organization must certify recovery and recycling 
equipment. Technicians who add refrigerant to 
equipment to top off the system are not required to 
evacuate the system. 


Gas and Refrigerant Handling 


Gases and refrigerants are dangerous when al- 

lowed to leak out of sealed systems and mix with 

air. When gases and refrigerants are properly con- 
tained in cylinders or other containers, hazards are 
reduced. All gases and refrigerants, regardless of 
quantity, must be handled with extreme care. 

Gas and refrigerant containers are dangerous 
when exposed to open flames or high tempera- 
tures. Most gases and refrigerants boil at very low 
temperatures, and when heated, the compounds 
change chemically, generating toxic fumes. AI- 
ways refer to the manufacturer-recommended 
safety procedures when handling gases and re- 
frigerants used in air conditioning, refrigeration, 
and process systems. Gas and refrigerant safety 
rules include the following: 

* Store gas and refrigerant containers in a clean, 
dry area out of direct sunlight. Never heat gas 
and refrigerant containers above 125°F. 

* Comply with fire regulations concerning stor- 
age quantities, types of approved containers, 
and proper labeling. 

* Never allow a gas or refrigerant to come in con- 
tact with skin. Gases and refrigerants can poison 
through skin pores, dry out skin, and cause frost- 
bite. Always use gloves and face protection. 

* Never allow gas or refrigerant vapors to build 
up in a low or confined area. Some gases and 
fluorocarbon refrigerants are heavier than air 
and can cause suffocation, heart irregularities, 
or unconsciousness due to lack of oxygen when 
exposure exceeds acceptable levels. 


Test Instruments 


e Read the label on the gas or refrigerant cylinder 
to identify contents and verify color coding. 

* Never use oxygen or compressed air to pressur- 
ize air conditioning, refrigeration, or process 
systems to check for leaks. When mixed with 
compressor oil, oxygen or compressed air 
can cause an explosion. Air conditioning or 
refrigerant systems with an R-134a refrigerant 
charge must be leak-checked with pressurized 
nitrogen. See Figure 8-23. 

* Immediately clean up any type of spill. 

The ideal gas or refrigerant is environmentally 
friendly, nonflammable, nontoxic, and able to per- 
form as intended in the air conditioning, refrigera- 
tion, or process system. Gases and refrigerants are 
not completely safe, but can be used safely. 

ANSI/ASHRAE 24 classifies refrigerants into 
safety groups. Al refrigerants are the safest, and 
ВЗ refrigerants are the most toxic and flammable. 
The letters A and B indicate level of toxicity (B 
being higher), and numbers 1, 2, and 3 indicate 
level of flammability (3 being the highest). R-11, 
R-12, R-22, R-500, R-502, and R-134a are clas- 
sified as A1 refrigerants and R-123 is classified 
as a B1 refrigerant. 

An oxygen-deprivation sensor is required to 
detect low oxygen levels in work areas. Typically, 
oxygen alarms will alarm at 19.596 or less by vol- 
ume. Monitoring of rooms for the right amount of 
oxygen is required for all areas with refrigerants. A 
self-contained breathing apparatus (SCBA) must be 
worn when a large leak has occurred. When SCBA 
is not available, electricians must ventilate the area 
or vacate the area immediately. 


Gas and Refrigerant Leak Test 
Instrument Measurement Procedures 


To obtain any information on any refrigerant, a 
material safety data sheet (MSDS) can be obtained 
from the manufacturer. When working with any 
refrigerant, the technician must review the MSDS 
for that refrigerant. 


PRESSURIZING SYSTEMS 
.. WITH NITROGEN 


COMPRESSED AIR OR COMPRESSED 
OXYGEN WILL.,CREATE AN AIR SUPPLY 
EXPLOSIVE CONDITION 


RELIEF 
VALVE 


é 
EVAPORATOR P n “<5 NITROGEN 


CONDENSER 


COMPRESSOR 


Figure 8-23. Compressed air or oxygen used to pressurize 
a system creates an explosive condition. 


Before performing any leak tests using a gas 
or refrigerant leak test instrument, ensure the in- 
strument is designed to take measurements on the 
system being tested. Refer to the operating manual 
of the test instrument for all measuring precautions, 
limitations, and procedures. See Figure 8-24. 
Always wear required personal protective equip- 
ment and follow all safety rules when taking the 
measurement. To measure gas or refrigerant leaks 
using a gas or refrigerant leak test instrument, ap- 
ply the following procedures: 


Q Turn the leak test instrument ON. 
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Ө When the expected leak is small, set the selector switch to the lowest (most sensitive) range. 
© Position the leak detector probe of the test instrument at the location of the suspected leak. 
Ө Read and record the displayed value or indicator lights. 

Ө Repeat procedures for all additional measurements required to locate the leak. 

Ө Remove the leak test instrument from the testing location. 


€) Turn the leak test instrument OFF. 


ELECTRONIC LEAK DETECTOR MEASUREMENT PROCEDURES 
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Figure 8-24. Electronic leak detectors are extremely sensitive and can indicate the exact location of a leak. 


THICKNESS TEST INSTRUMENTS 


The thickness of any solid object can be measured if full access to all sides of the object is possible. However, 
thickness measurements are difficult to take on objects that are installed and in operation. Thickness measurements 
on objects such as pipes are used to indicate size and condition of the pipe. Thickness test instruments are used 
to measure the thickness of pipe walls, steel, plastic, cast iron, and solid materials of any shape. Various inspec- 
tors use thickness test instruments as part of preventive maintenance programs, quality control (QC) programs, 
research and development (R&D), and for troubleshooting manufacturing processes. 


Thickness Test Instrument Measurement Procedures 


Thickness test instruments measure thickness by transmitting energy waves through the test material (object 
being tested) and interpreting the return signals as measurements. See Figure 8-25. 
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Before taking any thickness measurements using a thickness test instrument, ensure the instrument is de- 
signed to take measurements on the object being tested. Refer to the operating manual of the test instrument 
for all measuring precautions, limitations, and procedures. Always wear required personal protective equip- 
ment and follow all safety rules when taking the measurement. To measure the thickness of an object using a 
thickness test instrument, apply the following procedures: 


Ө Turn the thickness test instrument ON. 

Ө Connect the thickness test instrument to the object. 

O Read and record the displayed value. 

ө Repeat procedure for all additional measurements that may be required. 
Ө Remove the thickness test instrument from the object. 


Q Turn the thickness test instrument OFF. 


THICKNESS TEST INSTRUMENTS MEASUREMENT PROCEDURES 
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Figure 8-25. Thickness test instruments measure thickness by transmitting energy through the test material and reading the 
measured return signals. 
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pecial Maintena ane 


Special maintenance test instruments are used 
in situations where general use test instruments 
are not applicable. These types of instruments 
include light meters, tachometers, vibration me- 
ters, micro-ohmmeters, and environmental test 
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instruments. 


LIGHT METERS 


A light meter is a test instrument that measures the amount of light in footcandles (fc) or lumens (Im). Fa- 
cility engineers and electricians use light meters to evaluate and document lighting levels to ensure proper 
lighting that conforms to standards for working, safety, and security areas, plus lamp performance over time. 
The amount of light illuminating a surface is dependent upon the number of lumens produced by the light 
source, and the distance from the light source to the surface. The lower the lumen output, or the greater the 
distance from the light source, the lower the amount of light on a surface. 

The light level required on a surface varies widely for each lighting application. For example, an operat- 
ing table in a hospital requires much more light than the lobby of the hospital. See Figure 9-1. 


Light 

Light is the portion of the electromagnetic spec- 
trum that produces radiant energy. The electro- 
magnetic spectrum ranges from cosmic rays that 
have extremely short wavelengths to electric 
power frequencies that have extremely long wave- 
lengths. See Figure 9-2. Light can be in the form 
of visible light or invisible light. Visible light is 
the portion of the electromagnetic spectrum that 
the human eye can perceive. 
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Extech Instruments Corporation 
Light-measuring adapter accessories can be added to some digital 
multimeters to make light meters. 
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RECOMMENDED LIGHT LEVELS 


INTERIOR LIGHTING EXTERIOR LIGHTING 


Light Level* Light Level* 


Assembly Building 
Rough, easy seeing 30 Light surface 15 
Medium 100 Dark surface 50 
20 


Fine 500 Loading/unloading area 


Auditorium Parking areas 
Exhibitions Industrial 
Banks j Shopping 


Lobby, general Storage yards (Active) 
Writing areas S | 
Teller station tree 

Local 


Canning Expressway 
Cutting, sorting 


Car lots 

Clothing Manufacturing Front line 100-500 
Pattern making Remaining area 20-75 
Shops 


* in footcandles 


Garages (Auto) 
Parking SPORTS LIGHTING 
EGER (PROFESSIONAL) 


Hospital/Medical - 
Lobby Light Level* 


Dental chair 


Operating table Baseball 


Outfield 

Machine Shop Infield 
Rough bench 
Medium bench 


Boxing 
Professional 
Championship 


Materials handling 


Picking stock Football 
Packing, labeling 
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Regular office work 
Accounting 
Detailed work 


Hockey 


Racing 
Auto, horse 
Dog 


Skating 
Rink 


Printing 
Proofreading 
Color inspecting 


Schools Tennis Courts 
Recreational 


Auditoriums 
Tournament 


Classrooms 
melse yms Volleyball 
Stores Recreational 


Tournament 
Stockroom 
Service area * in footcandles 


Warehousing, storage FOOTCANDLE - A UNIT OF MEASURE OF THE 
Inactive INTENSITY OF LIGHT FALLING ON A SURFACE, 
Active : EQUAL TO ONE LUMEN PER SQUARE FOOT 


* in footcandles 


a 


Figure 9-1. Recommended light levels in footcandles are set to allow safe performance of tasks in an area, on a bench, 


or at a machine. 
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, Technical Tip 2 


Light is usually measured by illuminance or by lumens. luminance is the amount of light falling on a given surface and uses 
footcandles (fc) as a unit of measure. The light outdoors on a sunny day is about 1200 fc, compared to 350 fc on a cloudy day. 
The lumen is a unit of measurement of the amount of energy given off by a lamp. A 60 W lamp would be around 800 lumens 
while a 250 W halogen lamp would be about 4000 lumens. 
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Figure 9-2. The human eye only perceives visible light, which is a small portion of the electromagnetic spectrum. 


Visible light includes the part of the electromagnetic spectrum that ranges from violet to red light. Visible 
light is produced by standard incandescent lamps, fluorescent lamps, and HID (high-intensity discharge) 
lamps. Invisible light is the portion of the electromagnetic spectrum on either side of the visible light spectrum. 
Invisible light includes ultraviolet and infrared light. Special purpose lamps, such as germicidal lamps, black 
lamps, sun lamps, and infrared heating lamps, are designed to produce light energy that is outside the visible 


light spectrum. See Figure 9-3. 
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SPECIAL PURPOSE LIGHT __ Troubleshooting Tip | 
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w— COLOR CONTROL 
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4 


HacK Color control is an important function of manufacturing 


VIOLET 


industries such as pigments and coatings, polymers 
and plastics, and fabrics. Undesirable changes 
in color cause production downtime and scrap or 
; rejected product. Color formulations are monitored 
Осы б. ou Wi during production by the use of spectrophotometers 
(portable, bench top, or on-line types) and adjusted 
accordingly to keep the color within specifications. 
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Figure 9-3. Light outside the visible light spectrum is used 
to perform special tasks such as heating. 


ENERGY EMITTED 


The color of light is determined by the wave- 


| 500 550 600 
length of the light. Visible light having short = WAVELENGTH (NANOMETERS) 
wavelengths produces the color violet. Visible light PURE WHITE LIGHT 
having long wavelengths produces the color red. ENERGY DISTRIBUTION CURVE 


Wavelengths between violet and red produce blue, 
green, yellow, and orange. When a light source such 
as the sun produces energy over the entire visible 
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combination of colored light produces white light. 


When a light source such as a low-pressure sodium | VIOLET BLUE ОНЕЕМ YELLOW ORANGE RED 
lamp produces energy that mostly lies in a narrow | 
band of the spectrum, such as yellow-orange, а 
nonwhite light is produced. See Figure 9-4. 
Because the energy produced by low-pressure 
sodium lamps is in the yellow-orange area of 
the light spectrum, the color distortion of light- 
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tions such as street lighting where color distortion Figure 9-4, The color of light is determined by the wave- 
can be tolerated. length of the light. An equal mixture of all wavelengths 


creates white light. 
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Lamps 


A lamp is an electrical system output device that converts electrical energy into light. The amount of light a lamp 
produces is expressed in lumens. A lumen (Ini) is the amount of candlelight falling on a surface at a distance of 
| ft. For example, a standard 40 W incandescent lamp produces about 480 Im, and a standard 40 W fluorescent 
lamp produces about 3100 Im. Manufacturers rate lamps (light bulbs) by the total amount of light (lumens) 
produced by the lamps. Since the number of lumens is the total amount of light, lumens are comparable to the 
amount of current (amperes) in an electrical circuit or the amount of flow (gpm) in a hydraulic system. 

The light produced by a light source causes illumination. /lluminatiou is the effect that occurs when light 
falls on a surface. The unit of measure of illumination is the footcandle or lux. The footcandle (fc) is a unit of 
illumination that considers the amount of light falling on a surface of 1 sq ft. The /ux is the unit of illumina- 
tion that considers the amount of light falling on a surface of 1 sq m. One lux is equal to | lumen per square 
meter. One footcandle equals 10.76 lux and 1 lux equals 0.0929 footcandles. 


Light Meter Measurement 
Procedures 

The light falling on a surface may be direct or 
indirect. Direct light is light that travels directly 
from a lamp to the surface being illuminated. 


Ө Set the function switch of the light meter to 
footcandles or lux mode. 


Ө Set the selector switch of the light meter to the 
expected range, for example 40 fc or 400 fc. 


Ө settheli ght meter to record light measurements 


Indirect light is light that 1s reflected from one 
or more objects to the surface being illuminated. 
For indoor applications, both direct and indirect 
light are considered and measured. For outdoor 


with MIN MAX and/or PEAK modes. 


Q Take several li ght level measurements at vari- 
ous locations and at various angles. 


applications, only direct light is considered and 
measured. See Figure 9-5. 

To measure the amount of light with a light 
meter, apply the following procedures: 


Ө Record all light level measurements. 


Q Record any support information, such as when 
measurements were taken and if shades were 


open or closed. 
© Turn the light meter OFF. 


Ө Turn the lamps ON in an area where the 
amount of light is being measured. 


OT he light ter ON AEMC® Instruments 
urn the light meter ON. 


Light meters can be designed to match the response of the human eye, which 
makes them well suited for analyzing workplace lighting. 
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LIGHT METER MEASUREMENT PROCEDURES 
WARNING 


* Follow all electrica] safety practices and procedures 


* Check and wear personal protective equipment (PPE) 
for the procedure being performed 
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Figure 9-5. The position of a light meter (vertical, horizontal, or angular) greatly affects a footcandle measurement. 


TACHOMETERS 


A tachometer is a test instrument that measures the speed of a moving object. Speed measurements are taken using 
contact tachometers, laser tachometers, photo tachometers, or strobe tachometers. The type of tachometer used for 
an application depends upon the required output measurement (rpm, ft/min, m/min) and expected results (accuracy 
of measurement). Rotating speeds are displayed in revolutions per minute (rpm) and linear speeds are displayed in 
feet per minute (ft/min, fpm) or meters per minute (m/min, mpm). Rotational speed is the distance traveled per unit 
of time in a circular direction. Linear speed is the distance traveled per unit of time in a straight line. 
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Typically, contact tachometers are the least expensive and simplest to use. However, not all tachometers 
need to come in physical contact with the moving object, which can cause safety problems while taking 
the measurements. Noncontact tachometers such as photo tachometers and laser tachometers cost about 
the same (photo tachometers are slightly lower in price) and do not require direct contact with the moving 
object being tested. Photo tachometers have been used for many years but are being replaced with laser 
tachometers as the price of laser tachometers continues to drop. Models of tachometers are available that 
include a contact tachometer and a laser (or photo) tachometer in one unit. See Figure 9-6. 

Strobe tachometers are the most expensive, but include the ability to time moving parts by use of a 
flashing light (strobe light) in addition to taking rpm measurements. Strobe tachometers are also used to 
test for vibration problems and alignment of parts such as cams and fan blades, and are used to test liquid 
spray patterns of paint and glue. 


. TACHOMETER TYPES 


NOTE: STROBE TACHOMETERS ARE 
USED WHEN CONTACT IS NOT 
APPROPRIATE 
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Figure 9-6. The type of tachometer used for an application depends on the application (contact ог попсопіасі), the desired 
measurement output (rpm, ft/min, or m/min}, and expected results (accuracy). 
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Contact Tachometers 


A contact tachometer is a test instrument that measures the rotational speed of an object through direct contact 
of the tachometer tip with the object being measured. Contact tachometers are used to measure the speed of 
rotating objects such as motor shafts, gears, belts, and pulleys, and linear speeds of moving conveyors and 
press webs, for example. Contact tachometers measure speeds from 0.1 rpm to about 25,000 rpm. 


Contact Tachometer Measurement Procedures 


Use caution when working around moving objects. Use a photo, laser, or strobe tachometer when there is 
danger of contacting moving objects. See Figure 9-7. 


CONTACT TACHOMETER MEASUREMENT PROCEDURES 
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Figure 9-7. Contact tachometers are used when the object being measured is readily accessible. 


| Troubleshooting Tip 


The most important parameters to consider when accuracy is measured in rpm. The sensor technology 
specifying tachometers are operating speed range and used in tachometers can be contact type, photoelectric, 
accuracy. Operating speed range is the range of rotary inductive, or Hall effect. Hall effect tachometers use Hall 


speed measurement the tachometer can monitor. The effect technology to determine rotational speed. 
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Before taking any measurements using a contact 
tachometer, ensure the tachometer is designed to 
take measurements on the object being tested. Refer 
to the operating manual of the test instrument for all 
measuring precautions, limitations, and procedures. 
Always wear required personal protective equipment 
and follow all safety rules when taking the measure- 
ment. To measure the speed of an object with a contact 
tachometer, apply the following procedures: 


Extech Instruments Corporation 
Contact tachometers, which measure motor speed by directly contacting 
a rotating shaft with the tachometer's probe, usually have a narrower 
measurement range than laser or photo tachometers. 


Q When a contact tachometer has a di gital dis- 
play, turn the tachometer ON. 


O Set the function switch of that tachometer to 
the required rpm, ft/min, or m/min mode. 


O Set the selector switch of the tachometer to 
the required range—for example, 0 rpm to 
100 rpm, 100 rpm to 1000 rpm, or 1000 rpm 
to 10,000 rpm. 


Ө Ensure there is no danger of any part of the human 
body coming in contact with moving parts. 


Ө Place the tip of the tachometer in direct contact 
with the rotating object. 


Q Set any special recording modes (MIN MAX, 
LAST) that may be included on the tachometer. 


Ө) Read the speed displayed on the meter. 
© Record all measurements. 


© Remove the tachometer from the rotating 
object. 


(9 Turn the tachometer OFF. 


Photo Tachometers 


A photo tachometer is a test instrument that uses 
light beams to measure the speed of an object 
without directly contacting the object. A photo 
tachometer measures speed by focusing a light 
beam on a reflective area or a piece of reflective 
tape and counting the number of reflections per 
minute (internal calculation). 

A photo tachometer is used in applications 
in which the rotating object cannot be reached 
or touched. A photo tachometer cannot measure 
linear speeds. Photo tachometers measure speeds 
from 1 rpm to about 100,000 rpm. 


Photo Tachometer Measurement 
Procedures 


Exercise caution when working around moving 
objects. Turn OFF and lockout/tagout disconnect 
switches of motors and rotating machinery as 
required. See Figure 9-8. 

Before taking any measurements using a 
photo tachometer, ensure the tachometer is 
designed to take measurements on the rotat- 
ing object being tested. Refer to the operating 
manual of the test instrument for all measuring 
precautions, limitations, and procedures. Al- 
ways wear required personal protective equip- 
ment and follow all safety rules when taking 
the measurement. To measure speed (rpm) of 
an object with a photo tachometer, apply the 
following procedures: 


Q When the object being measured does not 
already have a reflective surface that can 
be used to take the rpm measurement, turn 
OFF and lockout/tagout the device being 
measured. 


Ө Place reflective tape on the object to be 
measured. 


©) Turn the rotating device being measured ON. 
Q Turn the tachometer ON. 


Ө Set the function switch of the tachometer to 
the required rpm, ft/min, or m/min mode. 
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Ө Set the selector switch of the tachometer to the required range—for example, 0 rpm to 100 rpm, 100 rpm 
to 1000 rpm, or 1000 rpm to 10,000 rpm. 


@ Ensure there is no danger of any part of the human body coming in contact with rotating objects. 
Ө Point the light beam of the photo tachometer at the reflective tape. 

© Set any special recording modes (MIN MAX, LAST) that may be included on the tachometer. 

@ Read the speed displayed on the meter. 

Ф Record all measurements. 


Ф Turn the tachometer OFF. 
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Figure 9-8. Photo tachometers allow speed measurements without contacting the object being measured. 
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Laser Tachometers 


A laser tachometer is a test instrument that uses a laser light to measure the speed of an object without directly 
contacting the object. A laser tachometer measures speed by focusing a laser light beam on a reflective area or 
a piece of reflective tape. Laser tachometers work well in areas of high ambient light because red laser light 
is easier to see than the white light emitted by photo tachometers. 

Laser tachometers allow speed measurements in hard-to-reach or dangerous areas. Because a laser light 
beam has a concentrated beam of light, laser tachometers are better than photo tachometers when taking 


measurements in confined areas. Similar to photo tachometers, laser tachometers measure speeds from 1 rpm 
to about 100,000 rpm. 


Laser Tachometer Measurement 


Procedures f i 

М f . j Never look directly into the laser light beam. Lasers can 
Exercise caution when working around moving permanently damage eyes. Avoid areas of reflected laser 
objects. Turn OFF and lockout/tagout all discon- beams. A laser reflection is as hazardous as a direct laser 


beam, and sources of reflection should be removed from the 


nect switches of motors and rotating machinery eee ee 


as required. See Figure 9-9. 


LASER TACHOMETER MEASUREMENT PROCEDURES 
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Before taking any measurements using a laser tachometer, ensure the tachometer is designed to take mea- 
surements on the object being tested. Refer to the operating manual of the test instrument for all measuring 
precautions, limitations, and procedures. Always wear required personal protective equipment and follow all 
safety rules when taking the measurement. To measure the speed of an object^with a laser tachometer, apply 


the following procedures: 


Q When the object being measured does not already have a reflective surface that can be used to take an rpm 
measurement, turn OFF (lockout/tagout) the device being measured. 


Ө Place reflective tape on the object being measured. 


© Turn the device being measured ON. 


© Turn the tachometer ON. 


Ө Set the tachometer to the required range—for example, 0 rpm to 100 rpm, 100 rpm to 1000 rpm, or 1000 rpm 


to 10,000 rpm. 


Q Ensure there is no danger of any part of the human body coming in contact with moving objects. 


Ө) Point the laser beam of the laser tachometer at the reflective tape. 


Ө Set any special recording modes (MIN MAX or LAST) that may be included on the tachometer. 


© Read the speed displayed on the meter. 


O Record all measurements. 
Ф Turn the tachometer OFF. 


AEMC® Instruments 
teflective tape on a motor shaft bounces laser light back to a laser tachometer, 


which uses the pulses to calculate shaft rotational speed. 


Strobe Tachometers 


A strobe tachometer is a test instrument that uses 
a flashing light to measure the speed of a moving 
object. A strobe tachometer measures speed by 
synchronizing the flash rate of a light with the 
speed of the moving object. 

Strobe tachometers can take speed measure- 
ments through glass, which eliminates the possi- 
bility of direct exposure to hazardous areas. Strobe 
tachometers are also used for analysis of motion 
and vibration. Strobe tachometers measure speeds 
from 20 rpm to about 100,000 rpm, or 20 ft/min 
to about 12,500 ft/min. : 


Strobe Tachometer Measurement 
Procedures 


Exercise caution when working around moving 
objects. Turn OFF and lockout/tagout disconnect 
switches of motors and rotating machinery as 
required. See Figure 9-10. 
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STROBE TACHOMETER MEASUREMENT PROCEDURES 
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Figure 9-10. Strobe tachometers are used for speed measurements, but can also be used for timing and vibration analysis. 


Before taking any measurements using a strobe tachometer, ensure the tachometer is designed to take mea- 
surements on the object being tested. Refer to the operating manual of the test instrument for all measuring 
precautions, limitations, and procedures. Always wear required personal protective equipment and follow all 
safety rules when taking the measurement. To measure the speed of an object with a strobe tachometer, apply 


the following procedures: 
© Turn the strobe tachometer ON. 
Ө Set the mode switch of the tachometer to the required rpm, ft/min, or m/min units. 


© Set the range switch of the tachometer to either the 0.1 ft/min to 40 ft/min range or to the 0.2 ft/min to 
5000 ft/min range. Adjust strobe flash rate. 


© Ensure there is no danger of any part of the human body coming in contact with moving objects. 
Ө Align the visible light beam with the object being measured and reduce flash rate to freeze image. 
Q Read the speed displayed on the meter. 

€) Record all measurements. 


Ө Turn the tachometer OFF. 


Test Instruments 


VISUAL INSPECTION TEST INSTRUMENTS 


Electricians and maintenance personnel are required to work on systems and in areas where everything cannot 
be easily seen. Problems that cannot be seen, such as blocked pipes and ducts, leaks behind walls, and obstacles 
that may be in the way when trying to install devices in panels, can be accounted for with visual inspection. 
Visual inspection test instruments are used to look at areas that are typically out of sight. Visual inspection test 
instruments can be as simple as a light and flexible fiber cable. Visual inspection test instruments include display 
screens (with or without cameras) and extension cables that allow viewing 100’ or more away. See Figure 9-11. 


Visual Inspection Test Instrument 
Measurement Procedures 


To view an area out of normal sight using a 
visual inspection instrument, ensure the inspec- 
tion instrument is designed to view the area in 
question. Refer to the operating manual of the 
visual inspection instrument for all measuring 
precautions, limitations, and procedures. Always 
wear required personal protective equipment and 
follow all safety rules when viewing an area. To 
view areas that are out of normal sight with a 
visual inspection instrument, apply the follow- 
ing procedures: 


Q Ensure all power is OFF in the area to be 
viewed. 


Ө Turn the visual inspection test instrument ON. 


Ө Test the operation of the visual inspection test 
instrument on a known area. 


© Make any adjustments to light or other settings 
for proper viewing of display. 

© Carefully insert the viewing cable into the 
area being inspected by observing what is 
shown on the camera display. 


Ө Record and/or take pictures of any problems 
or obstacles that are viewed. Record dis- 
tances and types of obstacles. 


@ Remove viewing cable from electrical 
equipment. 


Ө Tum the visual inspection test instrument OFF. 


Troubleshooting Tip 


USING A DIGITAL CONDUCTIVITY 


METER FOR VISUAL INSPECTION 


A digital conductivity meter uses eddy current 
techniques for taking nondestructive (visual) 
measurements and readings. Eddy current techniques 
are extremely Sensitive in detecting surface and 
near-surface defects such as cracks, folds, and 
carbide content. This technology is limited to metallic 
components—the material must be electrically 
conductive—but it provides an instantaneous 
measurement that makes it well suited to high-speed, 
in-line inspection on a production line. A digital 
conductivity (eddy current) meter is useful for sorting 
a wide variety of nonferrous metals and alloys and for 
measuring changes in physical properties affecting 
conductivity. Such changes include hardening, 
annealing, heat-treating, corrosion, aging, and 
variations in alloys. 
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INSPECTION CAMERA INSPECTION PROCEDURES 
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Figure 9-11. Visual inspection test instruments provide electricians with a method to view areas behind panels and inside 
ducts that typically are out of normal sight. 
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MICRO-OHMMETERS 


STRESSED 


Resistance (R) is the opposition to the flow of electrons in a circuit. Most resistance measurements are acceptable 
when taken with multimeters, but when a high resistance measurement is required, megohmmeters are used. 
However, when very accurate low resistance measurements are required, micro-ohmmeters are used. A micro- 
ohmmeter is a test instrument that accurately measures resistance using microhms (ЏО). See Figure 9-12. Some 
micro-ohmmeter models measure resistance using 0.1 microhms (0.0000001 О). 


Test Instruments 


MICRO-OHMMETERS 
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THERMAL PROTECTION 
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TERMINALS 


REVERSE  — 
POLARITY SWITCH— 


Micro-ohmmeters are used to measure the re- 
sistahce of electrical devices that typically have an 
extremely low resistance during proper circuit opera- 
tion. Dueto extremely low resistance operation, micro- 
ohmmeters are used to test and troubleshoot: 

* contacts of switches and breakers 

* busbars and cable joint connections 
* grounding connections 

* motor and transformer windings 

* fuses 

* wires and cables 


Micro-ohmmeter Measurement 
Procedures 


Micro-ohmmeters are also used to check nonelec- 
trical connections such as aircraft frame bonds and 
welded joints for proper low resistance. In both 
electrical and mechanical applications, the higher the 
resistance of a connection, the more likely it is thata 
problem exists with the connection. In any electrical 
system, the higher the resistance of a connection, 
the greater the voltage drop and power drop (heat) 
across the connection. See Figure 9-13. 
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Figure 9-12. Micro-ohmmeters are highly sensitive ohmmeters that measure very low resistances in microhms. 


Before taking any measurements using a 
micro-ohmmeter, ensure the micro-ohmmeter 
is designed to take measurements on the object 
being tested. Refer to the operating manual of 
the test instrument for all measuring precautions, 
limitations, and procedures. Always wear re- 
quired personal protective equipment and follow 
all safety rules when taking the measurement. To 
take low resistance measurements of an object 
using a micro-ohmmeter, apply the following 
procedures: 


Q Ensure all circuit power is OFF. 


O Turn the micro-ohmmeter ON. 


O setthe selector switch of the micro-ohmmeter 
to the НО, mQ, or Q range. 
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MICRO-OHMMETER MEASUREMENT PROCEDURES - 
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Figure 9-13. Micro-ohmmeters are typically used to test electrical and mechanical connections. 


Ө Connect the test leads of the micro-ohmmeter across the connection (circuit) being measured. Some micro- 
ohmmeters have four test leads that must be connected. Micro-ohmmeters with four leads use a forward test 
current and a reverse test current to provide a measurement that cancels out the resistance of the test leads. 


Q Set the function switch of the micro-ohmmeter to normal or inductive mode. Normal mode is used for most 
pure resistance measurements and inductive mode for motor and transformer winding measurements. 


Q Press the test button or switch. 


Test Instruments 


Ө Read and record resistance measurement. 


Q When the resistance reading is higher than normal (or specifications), correct the problem and retest the 


device. 


+ 


O Remove the micro-ohmmeter from the point of testing (circuit). 


O Turn the micro-ohmmeter OFF. 


Mine Safety Appliances Co. 


Do not enter an area of known potential hazard unless equipped 
with proper personal protective equipment and working with 
a partner who can monitor safety conditions at all times, and 
unless all personnel have been trained and authorized to be 
in the hazardous area. 


Gas Detectors 


Gas detectors are available that measure in parts 
per million (ppm) and display (with LCD and 
alarms) the levels of gases. Gases that are typically 
measured include the following: 

* carbon monoxide (CO) 

e oxygen (O,) 

* hydrogen sulfide (H,S) 

e ammonia (NH,) 

* sulfur dioxide (SO,) 

e methane (CH) 


Before entering a confined space, workers must have the proper personal DN non 1 
protective equipment, including portable gas detectors that measure the chlorine (C 2) 

atmosphere inside a confined space for lack of oxygen, explosive vapors, e nitrogen dioxide (NO,) 
toxic gases, and other hazardous conditions. • hydrogen cyanide (HCN) 


ENVIRONMENTAL TEST 
INSTRUMENTS 


For certain tasks, electricians are required to work 
in areas of confined space. A confined space is an 
area that has limited openings for entry and/or 
unfavorable natural ventilation that could cause 
a dangerous air contamination condition. The 
dangers in a confined space include elevated heat 
and cold levels, noise levels, toxic gas levels, 
combustible gas levels, and dust levels. When 
an electrician is required to work in a confined 
space (or any area of concern), test instruments 
that can measure the environmental conditions in 
a confined space must be used. 


Gas detectors are available as single gas or 
multiple gas detectors. Single gas detectors typi- 
cally detect the more common gases that cause 
problems, such as carbon monoxide (CO). Today, 
gas detectors that measure three, four, or five gases 
are becoming more popular and can be found for 
use with uncommon gases. See Figure 9-14. 


a 


GAUTION 


A UN 
22 
Gas detectors and meters are used to provide an indication 


of potential problems, but must never be relied on for 100% 
accuracy in indicating a problem. A second gas detector 
or meter must be used by a partner (never work alone in a 
confined or hazardous area) to verify meter measurements. 
Hazardous areas can also have multiple fixed gas detectors 
for measurement verification. 
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GAS DETECTOR AND METER MEASUREMENT PROCEDURES 
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Figure 9-14. Electricians performing tasks in hazardous areas or confined spaces of a facility are required to use gas detectors. 


Gas Detector Measurement Procedures 


Before taking any measurements using a gas detector, ensure the detector is designed to take measurements of 
the gas being tested. Refer to the operating manual of the test instrument for all measuring precautions, limita- 
tions, and procedures. Always wear required personal protective equipment and follow all safety rules when 
taking the measurement. To measure gases in an area using a gas detector, apply the following procedures: 


© Before entering the area of potential problem, turn the gas detector ON. 


@ Read and record the measurements displayed. 


Test Instruments 


O Have another electrician (partner) test the operation of a second gas detector. 


O Enter the area bein g tested for gas. Read and record the displayed value of each gas. Verify measurements 


with partner and second test instrument. 


е 


Ө Record (with confined space inventory) the measured level of each gas as required. 


After leaving the confined area, reread and record the measured levels of each gas detected. 


€) Turn the gas detector OFF. 


Technical Tip 


Control radioactive hazards by limiting exposure time, using 
protective barriers, and maintaining a safe working distance. 


Radiation Detectors 


Electricians are sometimes required to work in 
areas that contain radioactive materials. Radio- 
active materials are found in facilities such as 
nuclear power plants, hospitals, research labs, 
and nondestructive inspection areas. All electri- 
cians in areas containing radioactive materials are 
required to monitor radiation levels at all times. 
Other professions such as police departments, 
fire departments, and other emergency response 
agencies must also have and know how to use 
radiation detectors. 


Electromagnetic radiation, cosmic radiation, 
and nuclear radiation are the types of radiation that 
can be found in facilities. Nuclear radiation is ra- 
diation created by radioactive atoms. High levels 
of nuclear radiation are known to cause radiation 
sickness or death in humans. Radiation detectors 
are used to measure the levels of radiation, record 
radiation levels over time, and warn of danger 
when levels exceed a specific threshold. 


GAUTION A 


7 Ф 
Radiation detectors are used to provide an indication of potential 


problems, but must never be relied on for 100% accuracy in 
indicating a problem. A second radiation detector must be used 
by a partner (never work alone in a confined or hazardous 
area) to verify meter measurements. Hazardous areas can 
have multiple fixed radiation detectors for measurement 
verification. 


Radiation Detector Measurement 
Procedures 


Before taking any measurements using a radia- 
tion detector, ensure the detector is designed to 
take measurements in the area being tested. See 
Figure 9-15. Refer to the operating manual of 
the test instrument for all measuring precautions, 
limitations, and procedures. Always wear re- 
quired personal protective equipment and follow 
all safety rules when taking the measurement. To 
measure radiation levels of an area using a radia- 
tion detector, apply the following procedures: 


Q Before entering the area of potential problem, 
turn the radiation detector ON. 


@ Read and record radiation measurements 
displayed. 


© Have partner test the operation of a second 
radiation detector. : 


Ө Enter the area where work is being performed. 
Read and record radiation measurements dis- 
played. Check measurements with measure- 
ments of partner. 


Ө Read and record the measurement level of 
radiation at the required or recommended time 
intervals. 
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Q After leaving the area, reread and record the measured levels of radiation. 
@ Turn the radiation detector OFF. 


RADIATION DETECTOR AND METER MEASUREMENT PROCEDURES 
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Figure 9-15. Radiation detectors are required in facilities having radioactive materials or when performing tasks on instru- 
mentation having radioactive materials. 


BRANCH CIRCUIT IDENTIFIERS 


Before working on any electrical circuit that does 
not require power, all power must be removed. 
Removing power on most branch circuits is accom- 
plished by turning the circuit breakers of the circuit 
OFF (lockout/tagout). Sometimes the breaker 
that belongs to the circuit in which power is to be 
removed is not clearly marked or identifiable. Turn- 
ing off an incorrect breaker might unnecessarily 
require any loads (systems with latching circuits) 
to be reset. To identify the circuit breaker for a 
given circuit, branch circuit identifiers are used. A 
branch circuit identifier is a two-piece test instru- 
ment that includes a transmitter that is plugged 
into a receptacle, and a receiver that provides an 
audible indication of which circuit the transmitter 

AEMC® Instruments 


is connected to. See Figure 9-16. A branch circuit identifier makes it easy to find the right circuit breaker or fuse 
for a particular receptacle without disconnecting the power. 
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Figure 9-16. Branch circuit identifiers reduce the time required to identify circuits in an unmarked panel. 


Before performing any tests using a branch circuit identifier, ensure the circuit identifier is designed for 
the circuit being tested. Refer to the operating manual of the test instrument for all measuring precautions, 
limitations, and procedures. Always wear required personal protective equipment and follow all safety rules 


when taking the measurement. To identify a circuit (circuit breaker) using a branch circuit identifier, apply 
the following procedures: 


© Turn the branch circuit transmitter and receiver of the branch circuit identifier ON. 
Ө Plug the transmitter of the branch circuit identifier into the receptacle (outlet) that is to be identified. 


Ө To verify the receiver is operational, test the receiver of the branch circuit identifier at the same receptacle 
the transmitter is connected to. 


© Use the receiver to identify any part of the circuit, or the circuit breaker that controls the circuit being tested. 


Ө When the circuit being tested requires power to be turned OFF, open the circuit breaker and lockout/tagout 
the breaker of the circuit being tested. 


Q Verify by using a voltmeter that power is OFF before working on the identified circuit. 
@ After work has been performed on the circuit, reset the breaker to the ON position. 


e Verify with a voltmeter that power is restored to the branch circuit. 
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VIBRATION METERS 


Vibration is a continuous periodic change in displacement with respect to a fixed reference. Vibrations cause 
mechanical and electrical problems by causing parts and connections to loosen and/or fail. Vibrations also 
create undesirable noise problems. 

Vibration measurements are taken when the transducer of a vibration meter is connected to the object being 
tested. Transducers convert vibrations into electrical signals which are used to drive the direct digital readout 
(in in./sec or mm/sec) of a typical vibration meter. To acquire detailed analyses of vibration problems, vibration 


analyzers with vibration software are used. Vibration analyzers include graphic displays for detailed analysis 
of vibration measurements and problems. See Figure 9-17. 
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Figure 9-17. Vibration measurements are taken when the transducer, which converts vibrations to electrical signals, of a 
vibration meter is connected to the object being tested. 


Test Instruments 


Before taking any measurements using a vibration meter, ensure the meter is designed to take measurements 
on the object being tested. Refer to the operating manual of the test instrument for all measuring precautions, 
limitations, and procedures. Always wear required personal protective equipment and follow all safety rules 
when taking the measurement. To measure the amount of vibration using a vibration meter, apply the follow- 
ing procedures: 


Ө Turn the vibration meter ON. 

@ Set the function switch of the vibration meter to the required rpm or in./sec mode. 
O Connect the transducer of the vibration meter to the point of testing. 

Ө Read and record the measurements displayed. 


(5) Compare the displayed measurement to known specifications, manufacturer recommendations, and/or 
the meter manufacturer charts. For example, some manufacturers include charts that indicate readings as 
GOOD, SATISFACTORY, UNSATISFACTORY, or UNACCEPTABLE. 


Ө Take several measurements at various locations so comparisons can be made and problems isolated. 
Q Remove the transducer from the point of testing. 
© Download any measurements when the vibration meter allows for downloading of information. 


Q Turn the vibration meter OFF. 


LASER MEASURING METERS 


Standard tape measures (powered return steel tape) 
have traditionally been used to take measurements. 
Lasers are typically red beams of light that are used 
to aim an ultrasonic signal to take a measurement 
without having to connect anything between the 
measuring points. Laser measuring meters measure 
distance by sending out an ultrasonic signal which 
bounces off solid objects and returns to the receiver. 
The time taken to travel the distance is used to 
calculate and display the distance. Laser measur- 
ing meters are typically 99.596 accurate. Some 
laser measuring meters also calculate and display 
area and volume based on distance measurements 
recorded. See Figure 9-18. 


SPM Instrument, Inc. 


Hand held vibration meters are used for comprehensive machine condition 


monitoring. 
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LASER MEASURING METER MEASUREMENT PROCEDURES 


ГЕП 


AIM LASER BEAM AT OBJECT 


(Ð TAKE REQUIRED 
MEASUREMENTS 


LS] 


ec 
`7 


Ñ 


Siemens 
DISTANCE SENSOR ^ 


LASER 


DISPLAY 


STORE MEASUREMENT 
IN MEMORY Є 


MEASUREMENT 
BUTTON 


Е READ OPERATING MANUAL FOR PROPER OPERATION 


LASER MEASURING METER 


Figure 9-18. Laser measuring meters measure distance by determining the time it takes for an ultrasonic signal to bounce 


off a solid object. 


Test Instruments 


Before taking any measurements using a laser measurement meter, ensure the meter is designed to take 
measurements in the area being measured. Refer to the operating manual of the test instrument for all measur- 
ing precautions, limitations, and procedures. Always wear required personal protective equipment and follow 
all safety rules when taking the measurement. To measure distance using a láser measuring meter, apply the 
following procedures: 


Q Before using a laser measuring meter, read the operating manual. Reading the manual may not be neces- 
sary for taking distance measurements, but reading the manual is important for understanding how to store 
measurements and use the stored measurements to display area and volume calculations. 


O Turn the laser measuring meter ON. 

© Set the function switch of the meter to display the required feet or meter mode. 

Ө Aim the laser beam at an object located at the distance to be measured. 

Ө Store the measurement in the memory of the laser measuring meter (or write it down). 
Q Take all required measurements. 


Ө) Turn the laser measuring meter OFF. 
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Troubleshooting is a group of procedures that 
involves systematic testing to identify and cor- 
rect a problem. Electricians must gather informa- 
tion about the system, equipment, and circuit: 
and take proper measurements to identify the 
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problem and develop a solution. · 


TROUBLESHOOTING 


Troubleshooting combines the logical application 
of knowledge of electrical circuitry and theory 
with troubleshooting techniques. The combina- 
tion of knowledge, theory, and techniques forms a 
complete troubleshooting system that can be used 
to keep equipment operating at peak efficiency with 
minimal downtime or lost production. By utilizing 
a troubleshooting system, electrical and electronic 
equipment can be divided into various groups that 
use specific test instruments to test for deficien- 
cies and malfunctions. Troubleshooting systems 
also aid in the repair of equipment in a timely and 


ficient Megger Group Limited 
eincient manner. Troubleshooting involves using test instruments to identify faulty or 
malfunctioning equipment. 


TROUBLESHOOTING LEVELS 


Troubleshooting is a logical step-by-step process used to find a problem in an electrical power system or pro- 
cess as quickly and easily as possible. A system is a combination of equipment, components, and/or modules 
that are connected to perform work or meet a specific need. A process is an operation or sequence of opera- 
tions in which the substance being treated is changed. A malfunction is the failure of a system, equipment, or 


component to operate properly. 


Test Instruments 


To locate and correct a malfunction quickly, troubleshooting is performed at different levels. The levels used 
when troubleshooting electrical and electronic systems are the system, equipment or unit, board or module, 
component, and chip levels. See Figure 10-1. 


TROUBLESHOOTING LEVELS 
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Figure 10-1. Troubleshooting levels for electrical and electronic systems include the system, equipment or unit, board or 
module, component, and chip. 


Programming terminals are typically located 
at a central location. Handheld programming 
terminals for local programming changes and 
troubleshooting are connected to any point in a 


System Level Troubleshooting 


A system is a combination of interconnected 
individual units, modules, and components. In 


a system, the combination of units, modules, 
and components works together to produce the 
desired results. 

A system may include main or handheld pro- 
gramming terminals; fixed, remote, or modular 
controllers; operator terminals; message displays; 
and interfaces. See Figure 10-2. 


system. The controllers are located at individual 
machines or processes throughout a facility. 

Troubleshooting at the system level requires 
knowledge of all hardware operation, software, and 
interfaces in the system. Hardware is the physical 
components in a system. Hardware malfunctions 
occur when two or more pieces of equipment are 
not properly sending or receiving data. 
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ELECTRICAL AND ELECTRONIC SYSTEMS 


MAIN INTERFACES 
PROGRAMMING 
TERMINAL 


TO 
PROCESS 


MODULAR CONTROLLER HANDHELD FIXED CONTROLLER 
(FOR PROCESS CONTROL) PROGRAMMING (FOR PROCESS CONTROL) 
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TO ADDITIONAL MACHINES 
OR PROCESSES 
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Figure 10-2. Electrical and electronic systems typically include a main terminal, a handheld programming terminal, fixed 
controllers, modular controllers, remote controllers, operator terminals, message displays, and interfaces. 


Software consists of the programs and procedures that allow hardware to operate. Software malfunctions 
typically involve problems with lines of code (programming), drivers, and instruction sets. 

An interface is an electronic device that allows communication between various components that are being 
used together in a system. Interfaces use USB, serial, and parallel ports. Interface problems occur when two 
or more pieces of equipment are working properly but are not able to communicate with each other. 

A systems analyst is an individual who troubleshoots at the system level. A systems analyst understands 
the function and operation of each interface, connection, cable, program, piece of equipment, and language 
used. System analysis is the breakdown of system requirements and components performed when designing, 
implementing, maintaining, or troubleshooting a system. 


Test Instruments 


System troubleshooting is performed on-site or off-site. On-site troubleshooting is troubleshooting at the 
location where the hardware is installed. Off-site troubleshooting is troubleshooting from a location other 
than where the hardware is installed. Off-site troubleshooting is performed when an on-site computer sends 
information about a malfunction to an off-site computer. An off-site computer is programmed to analyze the 
malfunctions of a system. When the source of a malfunction is determined, the off-site computer sends the 
information to the on-site computer. See Figure 10-3. 


OFF-SITE TROUBLESHOOTING 
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Figure 10-3. Off-site troubleshooting is troubleshooting at a location other than where the hardware is installed. 


Equipment or Unit Level 


Substitution is the replacement of a malfunc- 
Troubleshooting 


tioning piece of equipment or component. Sub- 


A unit is an individual component that performs 
a specific task by itself. Systems are made when 
units are connected together. For example, a 
television, VCR or DVD player, CD player, and 
AM-FM receiver each are separate units. When 
connected, an entertainment system is created. 

Troubleshooting at the equipment or unit level re- 
quires identification of the equipment or component 
that is malfunctioning. To identify a malfunctioning 
piece of equipment, substitution of components or 
testing of components is performed. 


stitution is performed when a piece of equipment 
or component is small and easily accessible, and 
when a replacement component is available. 
Testing is performed when equipment or com- 
ponents are hard-wired or large in size, or when no 
replacement component is available. A hard-wired 
unit is a unit that has conductors connected to termi- 
nal screws, as with a programmable controller that 
has hundreds of hard-wired connections. Testing 
requires knowledge of test equipment usage and the 
ability to correctly interpret test instrument results. 


For example, when a computer cannot operate a 
machine connected to a programmable controller, 
a malfunction exists at the programming terminal, 
interface, connecting cables, or programmable 
controller. A handheld programming terminal is 
typically plugged into the programmable controller 
to troubleshoot at the equipment or unit level without 
disconnecting any equipment. See Figure 10-4. 

A handheld programming terminal monitors 
information from and sends information to the 
programmable controller. Monitoring indicates 
whether information is received from the main 
computer. When no information is received, a 
malfunction exists between the programmable 
controller and the main computer. When informa- 
tion is received, a malfunction exists between the 
programmable controller and the machine. When 
a malfunctioning piece of equipment is identified, 
the malfunctioning piece of equipment is replaced 
or serviced at the board or module level. 


HANDHELD PROGRAMMING 
TERMINAL 


Ка MAIN PROGRAMMING 
E TERMINAL 
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PROGRAMMABLE 
CONTROLLER 


HANDHELD 
PROGRAMMING 
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Figure 10-4. A handheld programming terminal is plugged 
into a programmable controller to troubleshoot at the equip- 
ment or unit level without disconnecting any equipment. 
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Board or Module Level 
Troubleshooting 


A boardis a group of electronic components that are 
connected together on a printed circuit (PC) board 
and that perform a set task. A module is a group of 
electronic and electrical components that are housed 
in an enclosure and that perform a set task. 

Troubleshooting at the board or module level 
requires identifying the malfunctioning board or 
module for replacement. When troubleshooting 
electronic equipment at the board or module level, 
the entire board or module (timer, counter, limit 
switch, photoelectric control, or motor starter) 
that contains the malfunction is replaced. For 
example, a plug-in module on a programmable 
controller has input terminals for pushbuttons or 
limit switches, and output terminals for lights, 
motor starters, and solenoids. See Figure 10-5. 
When a problem develops within a module, the 
module is typically removed and replaced. The 
replaced module is typically sent back to the 
manufacturer for servicing. 


PROGRAMMABLE CONTROLLER 
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PROGRAMMABLE 
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MODULE 


OUTPUT 
TERMINALS 


INPUT 
TERMINALS 


Figure 10-5. Plugin modules such as input and output ter- 
minals of a programmable controller connect inputs such as 
pushbuttons or limit switches, and outputs such as lights, motor 
starters, and solenoids, to the programmable controller. 


a] 


Test Instruments 


When replacing a PC board, voltage and 
current inputs and outputs of the board are 
measured. For example, the input signal to a PC 
board is 5 VDC and the output signal from the 
PC board is 5 VDC when pushbuttons 1, 2, and 
3 are closed. The 5 VDC output signal can serve 
as the input signal to a solid-state relay which 
has a3 VDC to 32 VDC input rating. When a PC 
board does not have the correct 5 VDC output 
voltage, the electrician must follow the circuit to 
locate the problem on the board. Actual readings 
vary from circuit to circuit and board to board, 
depending on the manufacturer and devices 
used. The voltage drop across the output of a 
solid-state relay is 1.5 VAC to 6 VAC because 
of the voltage drop across any solid-state switch. 
Because of the voltage drop across the relay out- 
put switch, the voltage at the motor is 117 VAC. 
See Figure 10-6. 


Component Level Troubleshooting 


A component is an individual device used on a 
board or module. Components include springs, 
chip sockets, resistors, diodes, contacts, tran- 
sistors, and capacitors. Troubleshooting at the 
component level requires finding the exact 
component that is malfunctioning. Examples 
of malfunctioning components include bad 
transistors Or capacitors inside a timer or 
photoelectric control, bad contacts inside a 
magnetic motor Starter, or bad terminals inside 
a chip socket. 

Troubleshooting at the component level is 
time consuming. Typically, it is more economi- 
cal to replace an entire board or module than to 
troubleshoot at the component level and replace 
a component. A digital multimeter (DMM) set 
to measure voltage can be used to test compo- 
nents or a group of components on a PC board. 
See Figure 10-7. 


Chip-Level Troubleshooting 


Technical Tip 


When replacing a PC board, all static electricity should be 
removed by using a Static electricity grounding strap and a 
surface that is free from static electricity. Avoid touching PC 
board components. 


A chip is an integrated circuit that is packaged 
in an insulating polymer case and is typically 
used to create digital circuits. The insulating 
polymer case has metal pins that protrude 
from the chip for connection to other chips for 
specific functions. Chips are always replaced 
rather than repaired. 


TROUBLESHOOTING METHODS 


A skilled electrician following a troubleshoot- 
ing plan will find a malfunction quickly and 
efficiently. When a malfunctioning component 
is found, the component is replaced or repaired. 
Préventive maintenance is then performed to 
prevent future problems. 


Preventive maintenance is the work performed 
to keep machines, assembly lines, production 
operations, and plant operations running with 
little or no downtime. Preventive maintenance 
programs allow equipment to be maintained in 
good operating condition with little downtime or 
troubleshooting required. 


B&K Precision 
A precision probe attachment can be used with a digital multimeter to 
troubleshoot individual circuit board components. 
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PC BOARD COMPONENT TROUBLESHOOTING 


PB1, PB2, OR PB3 
ENERGIZES RELAY 


PC BOARD 


READING WHEN 
MOTOR ENERGIZED 


Figure 10-6. During PC board replacement, voltage inputs into the board and voltage outputs out of the board are 
measured. 


Test Instruments 


Troubleshooting methods used in preventive 
maintenance programs include troubleshooting by 
knowledge and experience, troubleshooting by plant 
procedures, troubleshooting by manufacturer proce- 
dures, or a combination of all three methods. 


COMPONENT TESTING 


COMPONENTS 


Figure 10-7. A DMM set to measure voltage is used to test 
components, or groups of components, on a PC board. 


Troubleshooting by Knowledge and 
Experience 


Troubleshooting by knowledge and experience is 
a method of finding a malfunction in a system or 
process by applying information acquired from 
past malfunctions. In certain circumstances, 
troubleshooting by knowledge and experience is 
only partially effective because the primary mal- 
function is not corrected. For example, a fuse may 
blow or a circuit breaker may trip on a machine, 
stopping production. Records show that changing 
the fuse or resetting the breaker allows production 
to continue, but the reason why the fuse blew or 


Troubleshooting by Plant Procedures 


Most plants (facilities) have procedures that must 
be followed when troubleshooting equipment. 
Facility procedures are typically developed by 
supervisors or operators and used to ensure safe 
and efficient troubleshooting of equipment by 
plant personnel. Facility procedures are specific 
to the system or process in use by a company. 
See Figure 10-8. 


N WARNING 


Facility Procedures/Defective Module Replacement 
1. Inform the machine operator that the power will be turned OFF. 


. Turn OFF, lock out, and tag the disconnect switch feeding 
power to the machine. 


. Using a DMM set to measure voltage, test to ensure that no 


voltage is present at the power terminals of the programmable 
controller. 


. Remove the conductor connected to each terminal screw. Mark 


each conductor with the same number as the terminal screw. 


. Pull the module locking lever out and down until it is 


perpendicular to the face of the module. 


. Slide the module out and away from the receptacle. 


. Insert the replacement module into the receptacle and lock it in 


place using the locking lever. 


. Reconnect the conductors to the terminal screws. 
. Inform the machine operator that the power will be turned ON. 
. Place all machine selector switches in the manual position. 


. Remove the lock and tag from the disconnect switch. Make sure 


all employees are clear of the machine. 


. Turn power ON. 


. Restart the machine. 


. Cycle the machine through one operation using the manual 
switches. 


. If the machine operates properly, place the selector switches in 


the automatic position. 


. Cycle the machine automatically 10 times. 


. Inform supervisor on duty if machine is not operating properly. 


. Fill out a company repair report if the machine is operating 


properly. Place one copy of the report in the maintenance folder 
inside the machine cabinet and return one Copy to supervisor 
on duty. 


. Remain with the operator until the machine is back in operation. 


. Clear the area of tools and any debris resulting from the 


maintenance call. 


the circuit breaker tripped is not known. Figure 10-8. Plant procedures are specific to the system 


or process used by an individual company. 
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Troubleshooting by Manufacturer Procedures 


Troubleshooting by manufacturer procedures is a method of finding malfunctioning equipment by using the proce- 
dures and recommendations provided by the manufacturer. Manufacturer procedures differ from facility procedures 
in that manufacturer procedures are typically shorter and more general than plant procedures. See Figure 10-9. 
Plant or manufacturer troubleshooting is typically in the form of flow charts. A flow chart is a diagram 
that indicates a logical sequence of steps for a given set of conditions. Flow charts help an electrician to fol- 
low a logical path when troubleshooting a malfunction. Flow charts use symbols and interconnecting lines to 


provide next-step directions. 


Symbols used on flow charts include ellipses, rectangles, diamonds, and arrows. An ellipse indicates the beginning 
and end of a flow chart or section of a flow chart. A rectangle contains a set of instructions. A diamond contains a 
question stated so as to bring out a yes or no answer. The yes or no answer determines the direction to follow through 
the flow chart. An arrow indicates the direction to follow based on an answer. See Figure 10-10. 


SAFE TROUBLESHOOTING 
PRACTICES 


Common electrical troubleshooting tasks involve 
questioning operators, testing the voltage level, 
current balance and loading, harmonics, grounding, 
loose connections and terminals, and bad branch 
circuit breakers. Before taking any measurements, 
electricians must become familiarized with the 


А — WARNING — — 


Manufacturer Procedures/Programmable Controller 
Troubleshooting & Replacement 


. If there is no indication of power (status lights OFF) on the 
programmable controller, measure the voltage at the incoming 
power terminal on the power supply module. 


. If correct voltage is present, replace power supply on 
programmable controller. 


. Remove power from programmable controller. 


. Disconnect the power lines from the power supply terminals. 


. Disconnect the processor power cable from the power supply 
output terminal. 


. Remove the four mounting screws on power supply to free 
power supply from main panel. 


. Grasp the power supply firmly and pull out. 
. Press the replacement power supply into the main panel. 


. Replace and tighten the four mounting screws. 


. Connect the processor power cable. 
. Connect the power lines. 


. Turn power ON. 


Figure 10-9. Manufacturer procedures vary from plant 
procedures in that manufacturer procedures are shorter and 
more general than plant procedures. 
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Troubleshooting Tip 


equipment that will be used. Read the instrument 
manufacturer's user manual and understand the 
WARNING and CAUTION sections. Do not use the 
instrument/meter for a purpose other than what it is 
intended for. If the equipment is used in a manner not 
specified by the manufacturer, the protections for the 
equipment itself and for the user may be impaired or 
the warranty voided. 


Fluke Corporation 
Sometimes testing finished products reveals a problem in the manufacturing 


process that requires troubleshooting the equipment. 


TROUBLESHOOTING PROCEDURES 


A troubleshooting procedure is a logical step-by- 
step process used to find a malfunction in a system 
or process as quickly and easily as possible. When 
troubleshooting a system or component, a six-step 
troubleshooting procedure is followed. 


Test Instruments 
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Figure 10-10. A flow chart is a diagram that shows a logical sequence of steps for a given set of conditions. 


Six-Step Troubleshooting Procedures 


A six-step troubleshooting procedure is used in the 
troubleshooting process to maintain and repair elec- 
trical systems and subsystems. Flow charts are used 
to properly perform the six-step troubleshooting 
procedure. See Figure 10-11. The six-step trouble- 
shooting procedure includes the following: 

1. Symptom recognition 

2. Symptom elaboration 

3. Hypothesizing probable faulty functions 

4. Locating the faulty function 

5. Isolate the faulty circuit 

6. Failure analysis 


Symptom Recognition. Symptom recognition is 
the first step in the six-step troubleshooting process. 
Symptom recognition is the action of recognizing 
a malfunction in electronic equipment and/or sys- 
tems. Observe a normally operating system or pro- 
cess during startup, slow operation, fast operation, 
and shutdown. Determine what part of a system is 
not working properly and also the condition of the 
system outputs (energized and de-energized). Visu- 
ally inspect for problems such as jammed, burned, 
or broken material. Test fuses, circuit breakers, 
and overload resets. Tap into the knowledge of 
the operator on the machine and check for recent 
modifications and unauthorized changes. 


Additional questions to consider during the 
first step (symptom recognition) of the trouble- 
shooting process include, What effect does a long 
downtime have on the process or product? Is it 
more economical to repair or replace? Can the de- 
fective part be replaced with a spare or be fixed in 
the maintenance shop (manufacturer shop) where 
time is not important to production? Symptom 
recognition questions must be answered prior to 
moving forward with the analysis and repair of 
malfunctioning equipment. 


Symptom Elaboration. Symptom elaboration 
is the second step in the six-step troubleshooting 
process. Symptom elaboration is the process of ob- 
taining a more detailed description of the machine 
malfunction. Information concerning the system 
and electronic components is gathered through the 
use of operational controls and built-in indicating 
instruments to aid in the evaluation of a possible . 
malfunction. All information, regardless of how 
minor the information may seem, is listed when 
gathered to aid in the solution of a malfunction. 


| Technical Tip | Tip 


When following the six-step troubleshooting procedure, visual 
inspection and knowledge of normal equipment operation are 
important because they are common to all six steps. 


STEP ONE 


Symptom 
Recognition 


* Visual inspection 


* Machine 
knowledge 


* Talk to operator 
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SIX-STEP TROUBLESHOOTING PROCEDURE 


STEP TWO 


Symptom 
Elaboration 


* Visual inspection 

* Machine 
knowledge 

* Machine controls 
and 
instrumentation 


STEP THREE 


Hypothesizing 
Probable 
Faulty 
Functions 


* Visual inspection 

* Machine 
knowledge 

* Written list of 
causes 

* Manufacturer's 


STEP FOUR 


Localizing 
the Faulty 
Function 


* Visual inspection 
* Machine 
knowledge 


* Written list of 
causes 


* Manufacturer's 


STEP FIVE 


Localizing 
the Faulty 
Circuit 


* Visual inspection 
* Machine 
knowledge 


* Written list of 
causes 


* Manufacturer's 


STEP SIX 


Failure 
Analysis 


* Visual inspection 
* Machine 
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* Written list of 
causes 
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Figure 10-11. To troubleshoot electrical and electronic systems, a six-step troubleshooting procedure is performed. 


Hypothesizing Probable Faulty Functions. Hypothesizing probable faulty functions is the third step in the 
six-step troubleshooting process. Hypothesizing probable faulty functions is the theoretical analysis of what 
could be causing a machine to malfunction. Once the probable malfunctions have been listed, the third step 
is to gather and refer to as much information as possible from the manufacturer, including technical service 
manuals, machine prints, and spare parts lists. A bill of materials, when available, should also be included in 
this process. By gathering machine information and consulting with local equipment dealers and manufac- 
turer representatives, the probable cause of a malfunction can be narrowed down to a specific area (or areas in 
multifunction machines). Most manufacturer technical service manuals have a corrective maintenance section 
that lists probable causes and corrective actions. When all information has been reviewed, a decision must be 
made as to the most likely cause of the malfunction. 


Locating the Faulty Function. Locating the faulty 
function is the fourth step in the six-step trouble- 
shooting process. Locating the faulty function is 
the process where the determination is made as to 
which section of a multifunction machine is mal- 
functioning or what part of a single-function ma- 
chine is actually at fault. Locating a fault involves 
the use of visual inspections from step 1, the lists 
developed in step 2, and the technical manuals, 
prints, and materials lists gathered in step 3. Test- 
ing devices are used in step 4 of the troubleshoot- 
ing process, but not down to the circuit level. All 
knowledge gathered up to this point should be 
utilized to locate the source of the malfunction to 
a particular section of the equipment. 


Troubleshooting usually requires the use of test instruments such as ammeters 
to locate a fault within a system. 


Test Instruments 


Isolate the Faulty Circuit. Locating the faulty 
circuit is the fifth step in the six-step trouble- 
shooting process. Locating the faulty circuit is a 
troubleshooting process that requires that a circuit 
be tested along various points for the presence 
or absence of a signal, depending on the type of 
circuit. Extensive use of test instrumentation is 
required to test circuits for a signal. The signal 
must be traced from a source to the point where 
the signal is lost. For example, a DMM set to 
measure voltage is used to test a circuit that has 
a suspected short. By following the flow path of 
circuit voltage, the location of the actual short cir- 
cuit is easily identified. When the source of a fault 
has been located to a specific part of a circuit, the 
sixth and final step in the troubleshooting process, 
failure analysis, is performed. 


Failure Analysis. Failure analysis is the sixth and 
final step in the six-step troubleshooting process. 
Failure analysis 15 the testing of a circuit using test 
instruments to identify the actual faulty component 
in the circuit. The identification and replacement 
of the faulty component does not complete step 6 
of the’ troubleshooting process. The cause of the 
component failure must also be determined. For 
example, a motor connected to a pump creates 
product flow through a piping system. See Figure 
10-12. The pump develops a higher than normal 
pressure when the pipe that carries the product is 
partially blocked. To create flow against higher 
pressures, the motor of the pump draws additional 
current. The additional current blows a fuse, stop- 
ping the motor. The component that failed (the fuse 
in this case) may not be where the problem origi- 
nated, but a secondary malfunction that is the result 
of a primary malfunction of another component in 
the system. The primary malfunction is the scale 
buildup in the pipe. The secondary malfunction is 
that the blown fuse stopped the motor. Changing 
the fuse only solves the problem until the fuse 
blows again. 


Troubleshooting Tip 


SIX-STEP TROUBLESHOOTING 
PROCEDURE APPLICATION 


The six-step troubleshooting procedure can be applied 
to industrial electrical systems in such areas as 
transformers and tap changers, switchgear, motors, 
generators, uninterruptible power supplies (UPS), 
cables, cable joints and terminations, batteries, 
standby power systems, and power factor. 
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Figure 10-12. Secondary malfunctions occur repeatedly 
when the primary malfunction is not serviced. 


When the symptoms of a malfunction are di- 
rectly related to a faulty component, electricians 
can assume that the malfunction of the equipment 
can be corrected by replacing or repairing the 
faulty component. When symptoms are similar 
to specific malfunctions created by other compo- 
nents, the information gathered in steps 3 and 4, 
as well as the knowledge of the machine opera- 
tor and electrician, must be utilized to determine 
when other components are the cause of a fault. 


| Technical Tip | Tip | 


Although the recommended practice is to install a green 

wire for the grounding conductor, conduit is sometimes used 
exclusively for this purpose. When checking ground bonds, it is 
important to check the tightness of all conduit connections. 


Various test instruments are used to determine 
when there is a probable fault with other sections 
of the equipment. 


Document Findings 
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When the six-step troubleshooting procedure has been successfully completed and the equipment is returned 
to service, the electrician must create a detailed document (maintenance or machine log) of what tasks were 
performed to solve the problem. A machine log must include the following: 


* Initial symptoms or equipment malfunction 
* A list of steps taken to determine the problem 
* What tests were performed 


e What test instruments were used, along with the readings taken 


* What was done to correct the problem 
* A list of components replaced or repaired 


* A list of components tested when a malfunction is not corrected 
* Length of machine downtime (date and time of initial shutdown, date and time of return to service) 
* Names of personnel involved in the troubleshooting process and repair of equipment 


* Description of outside services used, if applicable 


* Suggestions to help prevent the malfunction from recurring; examples include replacing parts at a certain 
time, adding additional fuses, or changing the circuit design or operation 


Machine log information is stored either electronically or manually for future reference when troubleshoot- 
ing a machine or similar equipment. A Repair and Service Record form is an example of documentation used 
for the troubleshooting and repair of a particular piece of equipment. See Figure 10-13. All components used 
in the repair of the malfunctioning equipment must be reordered at this time. 


EQUIPMENT RELIABILITY 


When troubleshooting or servicing a piece of 
equipment, the age of the equipment must be 
considered. Most equipment follows a typical life 
expectancy curve. See Figure 10-14. 


Break-in Period 


A break-in period is the time just after the installa- 
tion of a new piece of equipment in which defects 
resulting from defective parts, poor manufacturing 
quality, contamination, or environmental stress ap- 
pear. The highest failure rate for most equipment 
occurs during the break-in period. Troubleshooting 

a malfunctioning piece of equipment during the 

break-in period includes the following: 

* Determining if the equipment is correctly in- 
stalled. The equipment may be connected to an 
improper voltage level, improperly grounded, 
or installed in an environment for which the 
equipment was not designed. 

* Looking for signs of improper operator use. 


Useful Life 


Useful life is the period of time after the break-in 
period when most equipment operates properly. 
Equipment can fail during the useful life period 
of a life expectancy curve. Troubleshooting a 
malfunctioning piece of equipment during the 
useful life period includes the following: 

* Checking for signs of improper mainte- 
nance, such as dirty or clogged filters. Most 
equipment requires periodic maintenance. 
Periodic maintenance typically includes 
cleaning and lubricating. 

* Determining when equipment is properly 
protected from improper environmental con- 
ditions, such as higher-than-normal operating 
temperatures, high humidity, salt, corrosive 
chemicals, and dirt. 

• Locating signs of damage caused by misuse or 
accidents. Accidents often occur due to care- 
less operator use or improper environmental 
conditions. Improper environmental conditions 
include voltage surges and flooding. 
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REPAIR AND SERVICE RECORD FORMS 


Date Installed: 1/9 


MOTOR REPAIR AND SERVICE RECORD 
Motor File #:_ОО4б52 


Serial #: 
Motor Location; Equipment Room 


MFR: _Dayton Type: _D Frame:  145T 
HP: _ 10 Volts; _ 250 Amps: 19 
RPM: 1725 Filter Sizes; — 


Operation 


Checked Current Drain - - OK 
Checked Belts - Realigned Belts 
Cleaned Motor 


SEMIANNUAL MOTOR MAINTENANCE CHECKLIST 
004632 


Motor File #: Serial #: 

Date Installed: 1/9 Motor Location; Equipment Room 

MFR; Dayton Type: _D Frame; _145Т 
Е НР; _ 10 Volts: 220 Amps; 19 

RPM: 1725 Date Serviced: 7/11 


Operation Mechanic 
Turn OFF and lock out all power to the motor and its control circuit. 
Clean motor exterior and all ventilation ducts. 

Check motor’s wire raceway. 

Check and lubricate bearings as needed. 


2 
3) 
4 
5 `| Check drive mechanism. 
6 
7 
8 
9 


Check brushes and commutator. 
Check slip rings. 
Check motor terminations. 


Check capacitors. 
10 Check all mounting bolts. 


11 Check and record line-to-line resistance. 
———— - 
12 Check and record megohmmeter resistance from L1 to ground. 


Check motor controls. 
| Reconnect motor and control circuit power supplies. ШЕ 
Check line-to-line voltage for balance and level. 

Check line current draw against nameplate rating. 

Check and record inboard and outboard bearing temperatures. 


im 
ш 
7 mim | 


Figure 10-13. A machine log (Repair and Service Record form} is an example of documentation used when troubleshooting 
and repairing a specific piece of equipment. 
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TYPICAL EQUIPMENT 
Wear-out Period LIFE EXPECTANCY CURVE 


Wear-out period is the period of time after the 

useful life period of a piece of equipment ends and 
BREAK-IN WEAR-OUT 

typical equipment failures occur. Troubleshoot- PERIOD USEFUL LIFE PERIOD 
ing a piece of equipment in the wear-out period 
includes the following: 

* Determining when a malfunction must be 
repaired immediately or when the equipment 
will last long enough that it can be repaired 
during scheduled downtime. 

* Determining when equipment is safe. Dete- 
rioration occurs in older equipment. When 
conductor insulation has deteriorated or when 
safety guards are not present, the equipment 
will not be safe, even after a malfunction is 
repaired. 
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Figure 10-14. Most equipment follows a typical life ex- 
pectancy curve. 


TROUBLESHOOTER RESPONSIBILITIES 


All industries have systems and/or processes that must operate properly in order to produce product. To keep 

a system and/or processes operating properly, trained personnel are required to troubleshoot and repair any 

malfunction that occurs to a system or process. Personnel who troubleshoot and repair systems or processes 

are part of the maintenance/service department of a company. The responsibilities of the maintenance/service 
personnel include the following: 

* Installing new equipment according to up to date prints and codes. Prints may be paper or electronic. Paper 
prints are the most common and are typically provided with each component or machine when purchased. 
Paper prints include diagrams that indicate power connections, assembly or connection procedures, and 
replacements parts. All prints use standard symbols and abbreviations to indicate circuit operation. See 
Figure 10-15. Electronic prints that include the circuit schematic and troubleshooting procedures are also 
available from most manufacturers. 

Electronic prints are prints captured and stored electronically. They are used for large or complicated 
equipment. Electronic prints are often complete sets of prints that include setup, operating, troubleshooting, 
and preventive maintenance procedures. These prints are typically sold as an extra package and typically 
show a logical start-up procedure for a new system or process. 


e Follow a logical start-up procedure for a new system or process. Perform general checks of fluid levels, 
guard positions, and belt tightness, and check for loose parts prior to turning power ON. Turn ON and test 
one part of a machine or system at a time. Test all manual operations first. Determine if all safety equipment 
and features are working properly. Anticipate component failure. Operate a machine long enough to allow 
pressure to build, belts to slip, and oil to heat up. The majority of component failure on new equipment oc- 
curs during the first few hours or days of operation. Problems can be mechanical that produce an electrical 


malfunction (limit switch). 
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PAPER PRINTS 


L1 L2 L3 


USE NO. 8 
CONDUCTOR 


INSTALL 
STARTER 


EW 


Siemens | STOP 2 
INSTALL HEATER fee toy 
NO. 64 (27.2 A) 
LINE DIAGRAM 


NOTE; ORDER ONE EXTRA SET ORDER ANNUAL MAINTENANCE 
OF HEATER AND POWER INSPECTION AFTER MOTOR IS 
CONTACTS FOR STARTER PLACED IN SERVICE 


USE NO. 14 CONDUCTOR COOLING MOTOR - UNIT 3 
FOR CONTROL CIRCUIT 


DATE STARTED: 1/20 TITLE: 
VOLTS - 240 APPROVED: ATJ 


Figure 10-15. Paper prints may include line diagrams, wiring diagrams, pictorial drawings for power connections, as- 
sembly or connection procedures, and replacement part charts. 


* Apply a preventive maintenance program. Preventive maintenance is action taken to maintain equipment 
in good operating condition to ensure uninterrupted operation. Preventive maintenance includes tighten- 
ing belts, adding lubricant, cleaning, changing filters, calibrating, general inspection, and setting control 
limits. Preventive maintenance is typically performed according to a set schedule. Monthly, semiannual, 
and annual preventive maintenance schedules are common. 

* Prevent malfunctions. Every process or operation has potential problems that cause malfunctions. Preventing 
malfunctions requires close attention to the entire process, including ensuring that the correct size and type 
of parts are fed into a machine, that the machine is operated properly, and that improvements, modifications, 
or design changes are made. 

* Identify malfunctions that occur. A skilled troubleshooter identifies the cause of a malfunction before the 
malfunction is repeated. Note all malfunctions that occur. Thé true cause of a malfunction may not be clear. 
For example, a part that jams in a machine may be caused by a part that is not within specifications, a ma- 
chine that is not within specifications, operator misuse, improper lubrication, or a control malfunction. Most 
malfunctions are identified after the malfunction has appeared several times. 

* Repair equipment in an efficient manner. Anticipate and have the required tools and test instruments for 
a troubleshooting call. Troubleshoot from simple to the complex. Ask the opinions of operators and other 
personnel that are familiar with the system. Determine if problems can be fixed temporarily to allow production 
to continue until the end of the operation. Maintain good records of maintenance, equipment condition, and 
downtime. Provide justification for overtime, new tools and equipment, and additional personnel. 
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Handle emergencies. The maintenance department may handle emergencies that occur ina facility until addi- 
tional help arrives. Emergencies that may require trained maintenance personnel include general emergencies, 
trade-related emergencies, and operational emergencies. 

General emergencies include fires, floods, accidents, and power outages. Personnel must understand 
facility evacuation procedures, emergency telephone numbers, basic first aid procedures, and the meaning 
of various alarms. 

Trade-related emergencies include electrical shock, burns, and exposure to specific hazardous conditions. 
Maintenance personnel must understand power disconnection procedures, shock treatment, and CPR. 

Operational emergencies result from hazardous materials, fire hazards, and safety problems. Personnel 
must understand specific chemical, fire, and physical safety procedures. 


It is important to remain informed about the latest test instruments, procedures, and technologies. Trade and 
technical magazines provide information on new equipment, techniques, and technologies. Manufacturers and 
local suppliers offer training seminars concerning various product lines and updated prints. The latest equipment, 
procedures, and technologies are often available through local trade schools and company training courses. 
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Power Formulas — 10, 39 | — NR INNER a E ERIS, 


Test Instruments 


TEST INSTRUMENT TERMINOLOGY .. . 


TERM SYMBOL DEFINITION 


Continually changing current that reverses direction at regular intervals. 


= Standard U.S. frequency is 60 Hz Р 
АС Device that passes ап AC signal and blocks a DC signal. Used to 
COUPLING measure AC signals that are riding on a DC signal 
AC/DC =e Indicates ability to read or operate on alternating and direct current 
че а 
АССОВАСҮ Largest allowable error (in percent of full scale) made under normal 
ANALOG operating conditions. The reading of a meter set on the 250 V range 
METER with an accuracy rating of + 2% could vary + 5 V. Analog meters 
have greater accuracy when readings are taken on the upper half of 
the scale 
ACCURACY Largest allowable error (in percent of reading) made under normal 


DIGITAL 
METER 


operating conditions. A reading of 100.0 V on a meter with an accuracy 
of +2% is between 98.0 V and 102.0 V. Accuracy may also include a 
specified number of digits (counts) that are added to the basic accuracy 
rating. For example, an accuracy of * 2% (+ 2 digits) means that a 
display reading of 100.0 V on the meter is between 97.8 V and 102.2 V 


Long-jawed, spring-loaded clamp connected to the end of a test lead. 


ALLIGATOR CLIP 
i Used to make temporary electrical connections 


AMBIENT Temperature of air surrounding a meter or equipment to which the 
TEMPERATURE meter is connected 
AMMETER Meter that measures electric current 
AMMETER Low-resistance conductor that is connected in parallel with the 
SHUNT terminals of an ammeter to extend the range of current values 


measured by the ammeter 


AMPLITUDE Highest value reached by a quantity under test 
ATTENUATION Decrease in amplitude of a signal 
AUDIBLE )) ) )) Sound that can be heard 
AUTORANGING | Function that automatically selects a meter's range based on signals 


received 


AVERAGE -*--- | Value equal to .637 times the amplitude of a measured value 
VALUE 
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|. TERM 


BACKLIGHT 
BANANA 
JACK 
BANANA 
PLUG 
BATTERY 
SAVE 
Ru 
CAPTURE 


CELSIUS 


| DEFINITION 
Light that brightens the meter display 


Meter jack that accepts a banana plug 


Long, thick terminal connection on one end of a test lead used to 
make a connection to a meter 


Feature that enables a meter to shut down when battery level is too 
low or no key is pressed within a set time 


Coaxial-type input connector used on some meters 


Function that records and displays measured values 


Temperature measured on a scale for which the freezing point of 
water is 0° and the boiling point is 100° 


CLOSED 
CIRCUIT 


Circuit in which two or more points allow a predesigned current to flow 


COUNTS Unit of measure of meter resolution. A 1999 count meter cannot 
display a measurement of 10 of a volt when measuring 200 V or 
more. A 3200 count meter can display a measurement of 19 of a volt 


up to 320 V 


DC 


DECIBEL (dB) 
DIGITS 
DIODE 

DISCHARGE 


DUAL 
TRACE 
EARTH 

GROUND 


Current that constantly flows in one direction 


Measurement that indicates voltage or power comparison in a 
logarithmic scale 


Indication of the resolution of a meter. A 31⁄2 digit meter can display 
three full digits and one half digit. The three full digits display a number 
from 0 to 9. The half digit displays a 1 or is left blank. A 31/2 digit 
meter displays readings up to 1999 counts of resolution. A 414 digit 
meter displays readings up to 19,999 counts of resolution 


Semiconductor that allows current to flow in only one direction Ё 


Removal of an electric charge 


Feature that allows two separate waveforms to be displayed 
simultaneously 


=ч 


S 
Ld 


Reference point that is directly connected to ground 
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TERM SYMBOL 


'F 


EFFECTIVE 
VALUE 


FAHRENHEIT 


FREEZE 


FREQUENCY 


FUNCTION v 
SWITCH y wa 


GLITCH 


GLITCH 


DETECT 


LIQUID CRYSTAL 
DISPLAY (LCD) 


MEASURING 
RANGE 


OPEN lo: 22 
CIRCUIT Dee с 
OVERFLOW 


OVERLOAD г? Г | 


РЕАК-ТО-РЕАК 


DEFINITION 
Value equal to 0.707 of the amplitude of a measured quantity 


в 


Temperature measured on а scale for which the freezing point of water 
is 32° and the boiling point is 212° 


Function that holds a waveform (or measurement) for 
closer examination 


Number of complete cycles occurring per second 


Switch that selects the function (AC voltage, DC voltage, etc.) that a 
meter is to measure 


Momentary spike in a waveform 


Function that increases the meter sampling rate to maximize the 
detection of the glitch(es) 


Common connection to a point in a circuit whose potential is taken 
as zero 


Function that allows a printed copy of the displayed measurement 


Button that allows a meter to capture and hold a stable measurement 


Display that uses liquid crystals to display waveforms, measurements, 
and text on its screen 


Minimum and maximum quantity that a meter can safely and accurately 
measure 


Unwanted extraneous electrical signals 


Circuit in which two (or more) points do not provide a path for 
current flow 


Condition of a meter that occurs when a quantity to be measured is 
greater than the quantity the meter can display ` 


Condition of a meter that occurs when a quantity to be measured is 
greater than the quantity the meter can safely handle for the meter 


, range setting | 


Highest value reached when measuring 


Highest and lowest voltage value of a waveform 
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TERM SYMBOL DEFINITION 


POLARITY Orientation of the positive (+) and negative (-) side of direct current 
or voltage 


0 ndi Pointed metal tip of a test lead used to make contact with the circuit 
under test 


PULSE Waveform that increases from a constant value, then decreases to its 
original value 

PULSE Repetitive series of pulses 

TRAIN 

RANGE Quantities between two points or levels 

RECALL Function that allows stored information (or measurements) to 
be displayed 

RESOLUTION Sensitivity of a meter. A meter may have a resolution of 1 V or 1 mV 
RISING Part of a waveform displaying a rise in voltage 
SLOPE 


ROOT-MEAN- -HHH | Value equal to 0.707 of the amplitude of a measured value 
Pte 

ROT 
GREE ЕЩ 


Momentary reading taken from an input signal 


SAMPLING Number of readings taken from a signal every second 
RATE 


SQUARE 


Two or more points in a circuit that allow an unplanned current flow 


SHORT 
CIRCUIT 


TERMINAL e je Point to which meter test leads are connected 
10A MAX. CR. 1000V MAX- 


TERMINAL 


Voltage level that meter terminals can safely handle 
VOLTAGE 


TRACE Displayed waveform that shows the voltage variations of the input 
signal as a function of time 


TRIGGER Device which determines the starting point of a measurement 


| WAVEFORM Pattern defined by an electrical signal 


Function that allows a waveform (or part of waveform) to be magnified 
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SKETCH GROUND RESISTANCE TEST 


2 > 


Сотрапу Electrode Location Date 
TestBy č Electrode — Electrode Resistance 
Weather Surface Condition Soil Type 
Remarks — ~ > E RE y 


Ground Resistance 
FEET @ 62% Distance 


100 


90 


80 


70 


60 


OHMS 


50 


40 


30 


20 


10 


EXPECTED RESULTS 
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Measurement/Test Expected Results Possible Problem 


Line Voltage (rms) 


110V —127V 


Peak Voltage 


Low voltage = circuit overloaded, undersized 
conductor, high resistance splice, too long 
of circuit run 


1.41 times rms Voltage 


Voltage Drop 


<5% 


Harmonics producing loads on circuit 


More than 5% = circuit overloaded, undersized 
conductor, high resistance splice, too long 
of circuit run 


Ground-Neutral Voltage 


Ground Impedence 


< 1 Q to protect personnel 
< 0.25 to protect electronic 
equipment 


GFCI Test 


Arc Fault Test 


< 7 mA and at a time < 200 ms 


О V = ground to neutral connection 
>5V =circuit overloaded 


Circuit overloaded, undersized conductor, high 
resistance splice, too long of circuit run 


Defective GFCI , improper wiring 


Breaker trips 


Defective AFCI breaker, improper wiring 
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METRIC PREFIXES 


Multiples and Submultiples | Prefixes | Symbols | Meaning | 


T trillion 
G billion 


1,000,000 million 
1000 i thousand 


10 = da 
Unit 1 = 10° 
des i 


.000000001 = 10° 
000000000001 = 10”? 
c. ШЕЛ О Jian [aon [ate 
4R | 5R 


METRIC CONVERSIONS 
kilo | 6L КЕЕ iR | 2R | 3R 


.001 = 10? m thousandth 
песо | 7 | 4 | ic Ж н |2я | ar 
2L | aL 


9L 


а 


COMMON PREFIXES 


Symbol — | Prefix | — Equivalent 
| __1,000,000,000 
1,000,000 


3L 
eL 


i 
0.001 
0.000001 


0.000000001 


0.000000000001 
impedance ohms — 
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ELECTRICAL/ELECTRONIC ABBREVIATIONS/ ACRONYMS 


Abbr/ : Abbr/ Abbr/ 
ree, Meaning 
cronym Acronym Acronym 
A Ammeter, Ampere; Anode; Armature FU Fuse [PNP | Positive-Negative-Positive 


D 


ARM. Armature 


Au Gold IC 
U Automatic INT 
VC Automatic Volume Control INTLK 
WG American Wire Gauge IOL 
AT. Battery (electric) 


к 
L 
AP. Capacitor LB-FT 
cw Lco 
PU 
в 
т 
Ww Clockwise MCS 
MIN 
MN 
Diode MOS 
Double-Pole MTR 


S Drum Switch NEUT 
im Double-Throw NO 
VM Digital Voltmeter 


Current 


| 


Forward Os 
AC/DC Alternating Current; Direct Current G Gate; Giga; Green; Conductance 
A/D Analog to Digital GEN Generator [Р | 
АЕ Audio Frequency GRD Ground [PR | Primary Switch 
AFG Automatic Frequency Control GY Gray Pressure Switch 
ALM Magnetic Flux Pull-Up Torque 
AM Ammeter; Amplitude Modulation НЕ High Frequency |O — Transistor — | 

ч y UMSO Hz Hertz Random-Access Memory 
L 


| | 


Integrated Circuit 


> 


Resistance-Inductance-Capacitance 
Rectifier 


Intermediate; Interrupt 


Resistance-Capacitiance 


Interlock RES 


| 


Instantaneous Overload R 


Reverse 


| 


Infrared F 


Radio Frequency 


ii 
| 


Inverse Time Breaker H 


| 


Root Mean Square 


Instantaneous Trip Circuit Breaker 


a 


Read-Only Memory 


A 

(еј 

СІ 

ВЕ 

Е 

S 

Junction Box 

m 


T 


m 
Junction Field-Effect Transistor p Revolutions Per Minute 
Kilo; Cathode 


Line; Load; Coil; Inductance 


Peak-to-Peak 


Revolutions Per Second 


І 


Р 


im || es 
= 
T 
m 
=| 
| 


T 
1 
т 
С 
V 
S 
Pounds Per Foot CR 
EC 
C 
L 
Ww 
F 
8 
L 
L 


| 


Pounds Per Inch 


li 
| 


Inductance-Capacitance 


Silicon Controlled Rectifier 


| 
| 


Service Factor 


Liquid Crystal Display 


i 


1 PH; 16 Single-Phase 


Inductance-Capacitance-Resistance 50 


Radius; Red; Resistance; Reverse 


( 


О 


Light Emitting Diode 


F 
Р 


i 


Locked Rotor Current 


Limit Switch 


oO 


Lamp 


Б 
ҮЛҮ? 

5 
оаа 


Unclamp 


FET Field-Effect Transistor OCPD Overcurrent Protection Device 
LF 

M 

| 


| 


Motor; Motor Starter; Motor Starter 
Contacts 


| 
| 


8 
S 
Maximum Ww 


| 
| 


l 


о 


Magnetic Brake 


Motor Circuit Switch 


о 


l 


Memory 


т 
тр 
ТЕМР 
T 


D/A Medium 


Minimum 


DE Manual 


Metal-Oxide Semiconductor H 
R 


| 


DISC. Metal-Oxide Semiconductor 


Field-Effect Transistor 


Tf 


| 


Motor 


C 
Normally Closed HF 
Neutral UJT 
V 


North; Negative 


d 


Series; Slow; South; Switch 


| 


Single-Pole 
SPDT Single-Pole, Double-Throw 
SPST Single-Pole, Single-Throw 


= 


Normally Open 


o 


Negative-Positive-Negative V 


=] 


Z 
0 
zZ 


MF Electromotive Force NTDF 


Fahrenheit; Fast, Field; Forward, Fuse 


n 


Br Full-Load Torque Peak; Positive; Power; Power Consumed 
FREQ [Frequency Printed Circuit Board 


n 


PCB 
Pink 


o 


0 


L 


EJ 
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THREE-PHASE VOLTAGE VALUES 


For 208 V x 1.732, use 360 
For 230 V x 1.732, use 398 
For 240 V x 1.732, use 416 ; 
For 440 V x 1.732, use 762 
For 460 V x 1.732, use 797 
For 480 V x 1.732, use 831 
For 2400 V x 1.732, use 4157 
For 4160 V x 1.732, use 7205 


POWER FORMULA ABBREVIATIONS 


| . ANDSYMBOLS _- 
P = Watts V - Volts VALUES IN INNER CIRCLE 
ARE EQUAL TO VALUES 
| = Amps VA - Volt Amps IN CORRESPONDING 


OUTER CIRCLE 


ЕНЕ: сани е ч 


OHM'S LAW AND POWER FORMULA 


POWER FORMULAS — 16, 30 


|. VA 
7 


асыш у _ 82,000 VA 
© 240V 


АЕ 
VA = 100A x 240V 
VA = 24,000 VA 


42 VA 
ЖА, i Ww 42,000 VA 
350 A 


V = 120 V 


их үз 


72,000 VA, 
208 V = 0000 


360 V 


1 = 200 А 
МА = Іх их V3 
VA = 2 x 416 
VA = 832 VA 
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abbreviation: A letter or combination of letters that 
represents a word. 


absolute pressure: Pressure measured from perfect vac- 
uum, which is the zero point on the pressure scale. 

absolute zero: The lowest theoretical temperature that a 
substance can reach, which corresponds to —273.16° on 
the Celsius scale and -459.6° on the Fahrenheit scale. 

acronym: A word formed from the first letters of a 
compound term. 

AC voltage: Voltage in a circuit that has current that 
reverses its direction of flow at regular intervals. 


aerial cable: Cable suspended in the air on poles or 
other overhead structures. 


alternation: One half of a cycle. 


ammeter: A test instrument that measures the amount 
of current in an electrical circuit. 


ampere: The number of electrons passing a given point 
in l sec. 

amplification: The process of taking a small signal and 
increasing the size of the signal (gain). 

amplitude: The distance that a vibrating object moves 
from a position of rest during vibration. 

analog display: An electromechanical device that 
indicates readings by the mechanical motion of a 
pointer. 

analog multimeter: A meter that can measure two or 
more electrical properties and displays the measured 
properties along calibrated scales using a needle. 

arc blast: An explosion that occurs when the air sur- 
rounding electrical equipment becomes ionized and 
conductive. 


arc flash: An extremely high-temperature discharge 
produced by an electrical fault in the air. 


attenuation test: A test that measures the attenuation 
(power loss) of each cable pair. 


audio spectrum: The part of the frequency spectrum 
that humans can hear (20 Hz to 20 kHz). 


average value (У ): The mathematical mean of all 


ave 


instantaneous voltage values in a sine wave. 


backbone cables: Conductors (copper or fiber optic) 
used between telecommunication closets, or floor 
distribution terminal and central offices (equipment 
rooms) within a building. 


bandwidth: The width of a range of frequencies that 
have been specified as performance limits within 
which a meter can be used. 


bar graph: A graph composed of segments that function 
as an analog pointer. 


bel: The logarithm of an electric, acoustic, or other 
power ratio. 


bench oscilloscope: A test instrument that displays the 
shape of a voltage waveform and is used mostly for 
bench testing electrical and electronic circuits. 


bench testing: Testing performed when equipment be- 
ing tested is brought to a designated service area. 


board: A group of electronic components that are con- 
nected together on a printed circuit (PC) board and 
that perform a set task. 


branch circuit identifier: A two-piece test instrument 
that includes a transmitter that is plugged into a recep- 
tacle, and a receiver that provides an audible indication 
of which circuit the transmitter is connected to. 


break-in period: The time just after the installation of 
a new piece of equipment in which defects resulting 
from defective parts, poor manufacturing quality, 
contamination, or environmental stress appear. 
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brownout: The reduction of the voltage level by a power 
company to conserve power during times of peak 
usage or excessive loading of the power distribution 
system. 


British thermal unit (Btu): The amount of heat re- 
quired to raise 1 lb of water 1°F. 


building grounding: The connection of an electrical 
system to earth ground by using grounding electrodes, 
the metal frame of the building, concrete-encased 
electrodes, a ground ring, or an underground metal 
water pipe. 


cable: Two or more conductors grouped together within 
a common protective cover and used to connect indi- 
vidual components. 


cable fault finder (wire map tester or cable map 
tester): A test instrument used to find open circuits, 
short circuits, and improper cable wiring. 


cable height meter: A test instrument that is used to 
measure the height of a power cable in feet and inches 
or in meters. 


cable length meter: A handheld test instrument that 
measures the length of cables that are still on rolls, a 
cut length of cable, or an already installed cable. 


cable length test: A test that measures the length of 
conductors (in feet or meters). 


calorie: The amount of heat required to raise | g of 
water 1°C. 


capacitance measurement mode: A DMM mode 
used to measure capacitance or test the condition of 
a capacitor. 


capacitive leakage current: Leakage current that 
flows through conductor insulation due to a capaci- 
tive ciiect, 


capacitor: An electronic device used to store an electric 
charge. 


carrier frequency: The frequency that controls the 
number of times the solid-state switches in the in- 
verter section of a pulse width modulated (PWM) 
variable frequency drive turn ON and turn OFF per 
second. 


cascaded amplifier: Two or more amplifiers connected 
to obtain a required gain. 


caution: A signal word that indicates a potentially 
hazardous situation which, if not avoided, may result 
in minor or moderate injury. 


chip: An integrated circuit that is packaged in an in- 
sulating polymer case and is typically used to create 
digital circuits. 


circuit analyzer: A receptacle plug and meter that 
determines circuit wiring faults (reverse polarity or 
open ground), tests for proper operation of GFCIs and 
arc fault breakers (AFCIs), and displays important 
circuit measurements (hot/neutral/ground voltages, 
impedance, and line frequency). 


cladding: A layer of glass or other transparent material 
surrounding the fiber core of fiber optic cable that acts 
as insulation. 


clamp-on ammeter: A test instrument that measures 
current in a circuit by measuring the strength of the 
magnetic field around a single conductor. 


clamp-on leakage current meter: An ammeter that can 
measure currents as low as a few milliamps (mA). 


code: A regulation or minimum requirement. 


common mode noise: Noise produced between ground 
and hot lines. 


complementary metal-oxide semiconductor (CMOS) 
ICs: A group of ICs that employ MOS transistors. 


component: An individual device used on a board or 
module. 


compression: An area of increased pressure in a 
sound wave produced when a vibrating object moves 
outward. 


conductor: A low resistance metal that carries electric- 
ity to various parts of a circuit. 


confined space: An area that has limited openings 
for entry and/or unfavorable natural ventilation 
that could cause a dangerous air contamination 
condition. 


conductive leakage current: The small amount of 
current that normally flows through the insulation of 
a conductor. 


conductivity (G): The ability of a substance or material 
to conduct electric current. 


contact high voltage meter: A voltmeter specifically 
designed to take voltage measurements on high volt- 
age cables. 


contact tachometer: A test instrument that measures 
the rotational speed of an object through direct 
contact of the tachometer tip with the object being 
measured. 


contact temperature probe: A probe that measures 


temperature at a single point by direct contact with 
the area being measured. 


continuity tester: A test instrument that tests for a 
complete path for current to flow. 


cord: Two or more very flexible conductors grouped 
together and used to deliver power to a load by means 
of a plug. 

crosstalk: Any unwanted reception of signals induced 


on a communication line from another communication 
line or from an outside source. 


current: The amount of electrons flowing through a 
conductor, component, or circuit. 


current unbalance (imbalance): The unbalance that 
occurs when current on each of the three power lines 
of a three-phase power supply to a 3ф motor or to other 
36 loads is not equal. 


cutoff region: The point at which a transistor is turned 
OFF and no current flows. 


cycle: One complete wave of alternating positive and 
alternating negative voltage or current. 


danger: A signal word that indicates an imminently 
hazardous situation which, if not avoided, will result 
in death or serious injury. 

DC voltage: Voltage in a circuit that has current that 
flows in one direction only. 

decibel (dB): 1. An acoustical unit used to measure 
the intensity (volume) of sound. 2. An electrical unit 
used for expressing the ratio of the magnitudes of two 
electric values such as voltage or current. 


decibel scale: A scale that indicates the comparison (ra- 
tio) between two or more signal powers or voltages. 

delay skew test: A test that determines the difference 
in propagation delay between cable pairs. 

dielectric absorption test: A test that verifies the ab- 
sorption characteristics of insulation in good working 
order. 

differential pressure: The difference between two pres- 
sures where the reference pressure can be any pressure 
(not necessarily zero). 

digital display: An electronic device that displays 
measurements as numerical values. 
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digital logic probe: A special test instrument (DC 
voltmeter) that detects the presence or absence of a 
high or low signal. 


digital multimeter: A meter that can measure two or 
more electrical properties and displays the measured 
properties as numerical values. 


digital signal: A signal represented by one of two states. 


diode: An electronic device that allows current to flow 
in one direction only. 


diode test mode: A DMM mode used to test the condi- 
tion of a diode. 


direct light: Light that travels directly from a lamp to 
the surface being illuminated. 


displacement power factor (DPF): The power factor 
of the fundamental frequency (60 Hz) only. 


double-insulated: A term used to describe an electrical 
product designed so that a single ground fault can- 
not cause a dangerous electrical shock through any 
exposed parts of the product that can be touched by 
an electrician. 


dual-trace oscilloscope: An oscilloscope that displays 
two signal traces simultaneously. 


electrical measurement: A measurement taken when 
a test instrument is briefly connected to a circuit or to 
a component and then removed. 


electrical power system: A system that produces, 
transmits, distributes, and delivers electrical power 
to satisfactorily operate electrical loads designed for 
connection to the system. 


electrical warning: A warning used to indicate a high 
voltage location and conditions that could result in 
death or serious personal injury from an electrical 
shock if proper precautions are not taken. 


electromagnetic interference (ЕМІ): An unwanted 
signal (noise) induced on electrical power or VDV 
cables through magnetic coupling of adjacent wires 
or magnetic field-producing devices such as motors 
and transformers. 


electronic grounding: The connection of electronic 
equipment to earth ground to reduce the chance of 
electrical shock by grounding the equipment and all 
non-current-carrying exposed metal. 
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electronic leak detector: A leak detector that detects 
the presence of gases. 


electrostatic discharge (ESD): The movement of static 
electricity (electricity at rest) from the surface of one 
object to another object. 


equipment grounding: The connection of an electri- 
cal system to earth ground to reduce the chance of 
electrical shock by grounding all non-current-carrying 
exposed metal. 


equipment grounding conductor (EGC): An electrical 
conductor that provides a low-impedance grounding 
path between electrical equipment and enclosures 
within the distribution system. 


existing grounding electrode: A standard part of 
a facility that includes metal underground water 
pipes, the metal frame of the building (if effectively 
grounded), and the reinforcing bars in concrete 
foundations. 


explosion warning: A warning used to indicate loca- 
tions and conditions where exploding parts may cause 
death or serious personal injury if proper precautions 
and procedures are not followed. 


failure analysis: The testing of a circuit using test in- 
struments to identify the actual faulty component in 
the circuit. 


fault current: Any current that travels a path other 
than the normal operating path for which a system 
was designed. 


field testing: Testing performed when the test instru- 
ment is taken to the location of the equipment to be 
tested. 


fixed leak detector: A stationary leak detector system 
with sensors and controllers to detect one specific type 
of refrigerant. 


flash protection boundary: The distance at which per- 
sonal protective equipment (PPE) is required to prevent 
burns when an arc occurs. 


flat-topping: A condition that occurs when a sine wave 
has lower peaks from current drawn only at the peaks 
of the voltage. 


floating input: A digital input signal that is too high or 
too low at times. 


flow chart: A diagram that indicates a logical sequence 
of steps for a given set of conditions. 


fluorescent leak detector: A leak detector that uses a 
UV light to detect fluorescent dye that is added to 
a system. і 


footcandle (fc): A unit of illumination that considers the 
amount of light falling on a surface of | sq ft. 


frequency: The number of cycles per second of an AC 
sine wave. 


frequency meter (frequency counter): A test instrument 
that is used to measure the frequency of an AC signal. 


frequency spectrum: Range of all possible frequencies. 


fundamental frequency: The frequency of the voltage 
used to control motor speed. 


gain: A ratio of the amplitude of the output signal to the 
amplitude of the input signal. 


gate turn-on: A method of turning on a thyristor that 
occurs when the proper signal is applied to the gate 
at the correct time. 


gauge pressure: Pressure relative to atmospheric pres- 
sure (barometric pressure). 


ground: A low resistance conducting connection be- 
tween electrical circuits, equipment, and the earth. 


ground bond test: A test that verifies that a grounding 
circuit (ground conductor and all grounding parts) of 
an electrical device is of sufficient size to carry a fault 
current to ground. 


ground continuity test: A test that verifies that a low 
impedance (resistance) path exists between all ex- 
posed conductive metal parts and the ground (green) 
conductor. 


grounded conductor: A conductor such as a neutral 
conductor that has been intentionally grounded. 


grounding: The connection of all exposed non-current- 
carrying metal parts to the earth. 


grounding conductor: A conductor that does not normal- 
ly carry current, except during a fault (short circuit). 


grounding electrode conductor (GEC): A conductor 
that connects grounded parts of a power distribution 
system (equipment grounding conductors, grounded 
conductors, and all metal parts) to the NEC?-approved 
earth grounding system. 


ground loop: A circuit that has more than one grounding 
point connected to earth ground, with a voltage potential 
difference between the grounding points high enough to 
produce a circulating current in the grounding system. 


halide leak detector: A leak detector that uses a torch 
flame that changes color depending on the type of gas 
pulled across a copper element. 


handheld oscilloscope: A test instrument that displays 
the shape of a voltage waveform and is typically used 
for field testing. 


hardware: The physical components in a system. 


hard-wired unit: A unit that has conductors connected 
to terminal screws, as with a programmable controller 
that has hundreds of hard-wired connections. 


harmonic: A frequency that is an integer (whole num- 
ber) multiple (second, third, fourth, fifth, etc.) of the 
fundamental frequency. 


hasp: A multiple lockout/tagout device. 
heat: Thermal energy. 


heat sink: A device that conducts and dissipates heat 
away from an electrical component. 


hertz (Hz): The international unit of frequency; equal 
to one cycle per second. 


high voltage detector checker (piezo verifier): A test 
instrument used to verify that a high voltage detector 
is operating properly before any actual high voltage 
measurements are taken. 


high voltage phasing tester: A test instrument specifi- 
cally designed to identify the three phases of a three- 
phase distribution system as L1, L2, and LS 


high voltage test probe: A DMM accessory used to 
increase the voltage measurement range above the 
DMM listed range. 

hipot test: A test performed on a product or circuit with 
a hipot tester to ensure that there is no chance of an 
electrical shock or that the component was not dam- 
aged during installation. 

hipot tester: A test instrument that measures insulation 
resistance by measuring leakage current. 


horizontal control: The control on an oscilloscope 
that adjusts the left-to-right position of the displayed 
voltage trace. 
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humidity: The amount of moisture (water vapor) in 
the air as a gas. 


hypothesizing probable faulty functions: The theo- 
retical analysis of what could be causing a machine 
to malfunction. 


illumination: The effect that occurs when light falls 
on a surface. 


indirect light: Light that is reflected from one or more 
objects to the surface being illuminated. 


impedance (Z): The total opposition that any com- 
bination of resistance (R), inductive reactance (X, ) 
and capacitive reactance (X..) offers to the flow of 
alternating current. 


impedance test: A test that measures the impedance of 
each cable pair. 


improper phase sequence (phase reversal): The 
changing of the sequence of any two phases in a three- 
phase system or circuit. 


impulse transient voltage: A transient voltage com- 
monly caused by a lightning strike that results in a 
short, unwanted voltage being placed on a power 
distribution system. 


infrared meter: A meter that measures heat energy by 
measuring the infrared energy emitted by a material 
and displays the temperature as a numerical value. 


infrared temperature probe: A noncontact tempera- 
ture probe that senses the infrared energy emitted by 
a material. 


installed grounding electrode: Grounding electrode 
installed specifically to provide a grounding system; 
includes rods, metallic plates, buried copper conductors, 
or pipes in the ground installed for grounding. 


instrumentation: The use of gauges and other measure- 
ment mechanisms to determine the value of electrical, 
environmental, physical, and operating conditions. 


insulation spot test: A test that verifies the integrity of 
insulation on electrical devices such as stator wind- 
ing, load conductors, cables, switchgear, heaters, and 
transformers. 


insulation step voltage test: A test that creates electrical 
stress on internal insulation cracks to reveal aging or 
damage not found during other motor or conductor 
insulation tests. 
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intensity: The level of trace brightness. 


interface: An electronic device that allows communica- 
tion between various components that are being used 
together in a system. 


International Electrotechnical Commission (IEC): 
An organization that develops international safety 
standards for electrical equipment. 


invisible light: The portion of the electromagnetic spec- 
trum on either side of the visible light spectrum. 


lamp: An electrical system output device that converts 
electrical energy into light. 


laser tachometer: A test instrument that uses a laser 
light to measure the speed of an object without directly 
contacting the object. 


leakage current: Current that leaves the normal path 
of current flow (hot to neutral) and flows through a 
ground wire. 


leak detector: A device that is used to detect refriger- 
ant or other gas leaks in pressurized air conditioning, 
refrigeration, or process systems. 


light: The portion of the electromagnetic spectrum that 
produces radiant energy. 


light meter: A test instrument that measures the amount 
of light in footcandles (fc) or lumens (Im). 


linear load: Any load in which current increases pro- 
portionately as voltage increases and current decreases 
proportionately as voltage decreases. 


linear scale: A scale that is divided into equally spaced 
segments. 


linear speed: The distance traveled per unit of time in 
a straight line. 


load: Any electrical device that converts electrical 
energy into some other form of energy, such as light, 
heat, sound, or mechanical. 


locating the faulty circuit: A troubleshooting process 
that requires that a circuit be tested along various 
points for the presence or absence of a signal, depend- 
ing on the type of circuit. 


locating the faulty function: The process where the 
determination is made as to which section of a multi- 
function machine is malfunctioning or what part of a 
single-function machine is actually at fault. 


lockout: The process of removing the source of electri- 
cal power and installing a lock that prevents the power 
from being turned ON. 

low impedance ground: A grounding path that con- 
tains very little resistance to the flow of fault current 
to ground. 


lumen (Im): The amount of candlelight falling on a 
surface at a distance of 1 ft. 


lux: The unit of illumination that considers the amount 
of light falling on a surface of 1 sq m. 


main bonding jumper (MBJ): A connection in a 
service panel that connects the equipment ground- 
ing conductor (EGC), the grounding electrode 
conductor (GEC), and the grounded conductor 
(neutral conductor). 


malfunction: The failure of a system, equipment, or 
component to operate properly. 


measurement hold mode (HOLD): A DMM mode 
that captures the measurement, beeps, and locks 
the meter measurement on the display for later 
viewing. 

mechanical switch: Any switch that uses silver contacts 
to start and stop the flow of current in a circuit. 


megohmmeter: A high-resistance ohmmeter used to 
measure insulation deterioration on various wires by 
measuring high resistance values during high voltage 
test conditions. 


micro-ohmmeter: A test instrument that accurately 
measures resistance using microhms (НО), 


minimum holding current: The minimum current that 
ensures proper operation of a solid-state switch. 


MIN MAX recording mode: A DMM mode that cap- 
tures and stores the lowest and highest measurements 
for later display. 

modular controller: A process control device consist- 
ing of a master controller, power supply unit, PID 
control modules, analog input modules, and digital 
input and output modules. 


module: A group of electronic and electrical compo- 
nents that are housed in an enclosure and that perform 
a set task. 


momentary power interruption: A decrease to 0 V 
on One or more power lines lasting from 0.5 cycles 
up to 3 sec. 


multifunction test instrument (multimeter): A device 
that is capable of measuring two or more electrical 
properties. 

multimeter: A portable test instrument that is capable 
of measuring two or more electrical properties. 


neon test light: A bulb that is filled with neon gas and uses 
two electrodes to ionize the gas (excite the atoms). 


neutral conductor: A current-carrying conductor that 
carries current from the load back to the power source 
and is intentionally grounded. 


NEXT test: A test that checks cable for near end cross- 
talk (in dB). 

noncontact high voltage ammeter: A test instrument 
specifically designed to take current measurements on 
high voltage cables. 


noncontact temperature probe: A device used for tak- 
ing temperature measurements on energized circuits 
or оп moving parts. 

noncontact voltage detector: A test instrument that 
indicates the presence of voltage without displaying 
the actual amount of voltage present. 


nonlinear load: Any load in which the instantaneous 
load current is not proportional to the instantaneous 
voltage. 

nonlinear scale: A scale that is divided into unequally 
spaced segments. 

NPN transistor: A transistor that has a thin layer of 
P-type material placed between two pieces of N-type 
material. 


off-site troubleshooting: Troubleshooting from a loca- 
tion other than where the hardware is installed. 


ohmmeter: A test instrument that measures resistance. 


Ohm 's law: The relationship between voltage, current, 
and resistance in an electrical circuit. 
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on-site troubleshooting: Troubleshooting at the loca- 
tion where the hardware is installed. 


open circuit transition switching: A process in which 
power is momentarily disconnected when switching 
a circuit from one voltage supply or level to another 
voltage supply or level. 


optical time domain reflectometer (OTDR): A test 
instrument that is used to measure cable attenuation. 


oscillatory transient voltages: Transient voltages com- 
monly caused by turning OFF high inductive loads and 
by switching OFF large utility power factor correction 
capacitors. 


oscilloscope: A test instrument that provides a visual 
display of voltages. 


overvoltage: An increase of voltage of more than 10% 
above the normal rated line voltage for a period of 
time longer than | min. 


peak value (V „ог V): The maximum instantaneous 
value of either the positive or negative alternations of 
a sine wave. 


period: The time required to produce one complete 
cycle of a waveform. 


permanent test instrument: A device that is installed in a 
process or at a bench to continually measure and display 
quantities and is powered by a 115 V receptacle. 


personal protective equipment (PPE): Clothing and/or 
equipment worn by a technician to reduce the possibil- 
ity of injury in the work area. 


pH: The degree of acidity or alkalinity of a solution or 
substance. 


phase sequence tester: A test instrument used to deter- 
mine which of the three-phase power lines are powered 
and which power line is phase A, which is phase B, 
and which is phase C. 


phase unbalance (imbalance): The unbalance that oc- 
curs when three-phase power lines are more or less 
than 120? out of phase. 


phasor rotation: The order in which waveforms from 
each phase (phase A, phase B, and phase C) cross zero. 


photo tachometer: A test instrument that uses light 
beams to measure the speed of an object without 
directly contacting the object. 


Test Instruments 


PNP transistor: A transistor that has a thin layer of 
N-type material placed between two pieces of P-type 
material. 


portable test instrument (meter): A device that is used 
to take measurements. 


power factor (PF): The ratio of true power used in 
an AC circuit to apparent power delivered to the 
circuit. 


pressure: The force per unit of area. 


preventive maintenance: The work performed to 
keep machines, assembly lines, production opera- 
tions, and plant operations running with little or no 
downtime. 


preventive maintenance program: A combination 
of unscheduled and scheduled maintenance work 
required to maintain equipment in peak operating 
condition. 


primary division: A division of an analog scale with 
a listed value. 


process: An operation or sequence of operations in 
which the substance being treated is changed. 


propagation delay test: A test that measures the time 
(in ns) required for a signal to travel the length of a 
cable pair. 


pull-up resistor: A electronic component (resistor) that 
prevents a floating input condition. 


radio frequency interference (RFI): An unwanted 
signal (noise) induced on electrical power and VDV 
cables from transmitted radio frequencies such as AM 
radio and analog cellular. 


rarefaction: An area of reduced pressure in a sound wave 
produced when a vibrating object moves inward. 


real-time (single-shot) bandwidth: The highest 
frequency an oscilloscope can capture in a single 
pass. 


receptacle tester: A device that is plugged into a 
standard receptacle to determine if the receptacle is 
properly wired and energized. 


relative humidity (% RH): The amount of moisture 
in the air compared to the amount of moisture the air 
can hold at saturation. 


relative mode (REL): A DMM mode that records a 
measurement and displays the difference between that 
reading and subsequent measurements. 


resistance (R): The opposition to the flow of electrons 
in a circuit. ‘ 


resolution: The degree of precise measurement a test 
instrument 1s capable of taking. 


return loss (RL) test: A test that measures the signal 
loss due to signal reflection (return loss) in a cable. 


ring conductor: The second wire in a pair of wires. 


root-mean-square (effective) value (V n): The 
value of an AC sine wave that produces the same 
amount of heat in a pure resistive circuit as DC of 
the same value. 


rotational speed: The distance traveled per unit of time 
in a circular direction. 


rubber insulating matting: A personal protective device 
that provides electricians protection from electrical 
shock when working on energized electrical circuits. 


safety glasses: An eye protection device with special 
impact-resistant glass or plastic lenses, reinforced 
frames, and side shields. 


sample rate: The speed with which an oscilloscope 
takes a “picture” of an incoming signal. 


satellite finder meter (satellite strength meter): A test 
instrument that is used to locate a satellite signal and 
measure and display the signal strength. 


saturation region: Transistor operating condition where 
maximum current is flowing through the transistor. 


secondary division: A division of an analog scale that 
divides primary divisions into halves, thirds, fourths, 
fifths, etc. 


separately derived system (SDS): A system that sup- 
plies electrical power derived or taken from transform- 
ers, storage batteries, solar photovoltaic systems, or 
generators. 


signal (function) generator: A test instrument that 
provides a known input signal to a component, circuit, 
or system for testing purposes. 


silicon controlled rectifier (SCR): A thyristor that is 
triggered into conduction in only one direction, and 
is suited for DC current use. 


single-function test instrument: A device capable of 
measuring and displaying only one electrical property, 
such as an ammeter. 

single phasing: The operation of a three-phase load on 
two phases due to one phase being lost. 


sinusoidal waveform: A waveform that is consistent 
with a pure sine wave. 


software: The programs and procedures that allow 
hardware to operate. 


solid-state switch: A switch with no moving parts 
(contacts). 


sound: Energy that consists of pressure vibrations in 
the air. 


sound frequency (f): The number of air pressure fluc- 
tuation cycles produced per second. 


sound intensity (volume): A measure of the amount of 
energy flowing in a sound wave. 


standard: An accepted reference or practice. 


static turn-on: A method of turning on a thyristor that 
occurs when a fast-rising voltage is applied across the 
terminal of a triac. 


strobe tachometer: A test instrument that uses a flash- 
ing light to measure the speed of a moving object. 


subdivision: A division of an analog scale that divides sec- 
ondary divisions into halves, thirds, fourths, fifths, etc. 


substitution: The replacement of a malfunctioning piece 
of equipment or component. 


surface leakage current: Current that flows from areas 
on conductors where insulation has been removed to 
allow electrical connections. 

surge protection device: A device that limits the inten- 
sity of voltage surges that occur on the power lines of 
a power distribution system. 

sustained power interruption: A decrease in voltage 
to 0 V on all power lines for a period of more than 
І min. 

sweep: The movement of the displayed trace across the 
oscilloscope screen. 

symbol: A graphic element that represents a quantity, 
unit, or component. 

symptom elaboration: The process of obtaining a more 
detailed description of the machine malfunction. 


symptom recognition: The action of recognizing a 
malfunction in electronic equipment and/or systems. 

system: A combination of equipment, components, 
and/or modules that are connected to perform work 
or meet a specific need. 
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system analysis: The breakdown of system requirements 
and components performed when designing, imple- 
menting, maintaining, or troubleshooting a system. 


systems analyst: An individual who troubleshoots at 
the system level. 


tachometer: A test instrument that measures the speed 
of a moving object. 


tagout: The process of placing a danger tag on the 
source of electrical power, which indicates that the 
equipment may not be operated until the danger tag 
is removed. 


tap: One of many connection points along a trans- 
former coil that are commonly provided at 2.5% 
increments. 


telephone line tester: A test instrument that is used to 
simulate the telephone of a caller so the telephone 
equipment and line can be tested. 


temperature: The measurement of the intensity of heat. 


temperature probe: The part of a temperature test 
instrument that measures the temperature of liquids, 
gases, surfaces, and pipes. 


temporary power interruption: A decrease to 0 V on 
one or more power lines lasting for more than 3 sec 
up to 1 min. 


test instrument: A device used to measure electrical 
properties such as voltage, current, resistance, fre- 
quency, power, and conductivity. 


test light: A test instrument with a bulb that is connected 
to two test leads to give a visual indication when volt- 
age is present in a circuit. 


thermal conductivity: The ability of a material to 
conduct heat in the form of thermal energy. 


thermal imaging camera: A meter that measures heat 
energy by measuring the infrared heat energy emitted 
by a material and displays the temperature as a color- 
coded thermal picture. 


thermal turn-on: A method of turning on a thyristor 
that occurs when heat levels exceed the limit of the 
thyristor (typically 230?F or 110?C). 

thermocouple: A device that produces electricity 
when two different metals that are joined together 
are heated. 
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three-prong Category I power cord device: A device 
that has three conductors extending from it, one hot, 
one neutral, and one ground (green ground wire). 


three-wire solid-state switch: A solid-state switch that 
has three terminals for connecting wires (exclusive 
of ground). 


thyristor: A solid-state switching device that switches 
current ON by using a quick pulse of control current. 


time/division (time per division) control: The control 
on an oscilloscope that selects the width of the dis- 
played wavetorm. 


time domain reflectometer (TDR) test: A test used 
for measuring cable length and locating faults (short 
or open circuits, poor connections) on cables (twisted 
pair or coaxial). 


tip conductor: The first wire in a pair of wires. 


total demand distortion (TDD): The ratio of the current 
harmonics to the maximum load current. 


total harmonic distortion (THD): The amount of 
harmonics on a line compared with the fundamental 
frequency of 60 Hz. 


total power factor (power factor or PF): The power 
factor equal to the total difference between true power 
and apparent power (VA) in a circuit. 


tone and probe test: A test that identifies specific pairs 
of wires within a system. 


trace: A reference point or line that is visually displayed 
on the face of the oscilloscope screen. 


transient voltage (voltage spike): A temporary, unde- 
sirable voltage in an electrical circuit. 


transistor: A three-element device made of semicon- 
ductor material. 


transistor-transistor logic (TTL) ICs: A broad family 
of ICs that employ a two-transistor arrangement. 


transverse mode noise: Noise produced between hot 
and neutral lines. 


triac: A thyristor that is triggered into conduction in 
either direction and is suited for AC current use. 


troubleshooting: A logical, step-by-step process used to 
find a problem in an electrical power system or process 
as quickly and easily as possible. 


troubleshooting by knowledge and experience: A meth- 
od of finding a malfunction in a system or process by 
applying information acquired from past malfunctions. 

troubleshooting procedure: A logical step-by-step pro- 
cess used to find a malfunction in a system or process 
as quickly and easily as possible. 


twisted conductors: Conductors that are intertwined 
at regular intervals. 

two-prong Category II power cord device: A device 
that has only two conductors extending from it, one 
hot and one neutral. 

two-wire solid-state switch: A solid-state switch with 
two terminals for connecting wires (not including a 
ground). 


ultrasonic leak detector: A leak detector that listens for 
the sounds created by a leak. 


undervoltage: A drop in voltage of more than 10% (but 
not to 0 V) below the normal rated line voltage for a 
period of time longer than 1 min. 


ungrounded conductor: A current-carrying conductor 
that is connected to loads through fuses, circuit break- 
ers, and switches. 


unit: An individual component that performs a specific 
task by itself. 


useful life: The period of time after the break-in period 
when most equipment operates properly. 


vacuum: An absolute pressure, expressed in inches of 
mercury, starting at atmospheric pressure and increasing 
in value (maximum is 29.92 in. Hg) as pressure drops 
to a perfect vacuum. 


velocity: The speed at which air, liquids, or solids travel 
through a system. 


vibration: A continuous periodic change in displacement 
with respect to a fixed reference. 


visible light: The portion of the electromagnetic spectrum 
that the human eye can perceive. 


voltage breakover turn-on: A method of turning on 
a thyristor that occurs when the voltage across the 
thyristor terminals exceeds the maximum voltage 
rating of the device. 


voltage fluctuation: An increase or decrease in the nor- 
mal line voltage within the range of +5% to —10%. 


voltage indicator: Test instrument that indicates the 
presence of voltage when the test tip touches, or is 
near, an energized hot conductor or energized metal 
part. 


voltage regulator (stabilizer): Device that provides 
precise voltage control to protect equipment from 
voltage sags (voltage dips) and voltage swells (volt- 
age surges). 


voltage sag: A voltage drop of more than 10% (but not 
to 0 V) below the normal rated line voltage that lasts 
from 0.5 cycles up to | min. 


voltage surge: A higher-than-normal voltage that tem- 
porarily exists on one or more power lines. 


voltage swell: A voltage increase of more than 10% 
above the normal rated line voltage lasting from 0.5 
cycles up to | min. 


voltage tester: An electrical test instrument that indi- 
cates the approximate voltage amount and type of 
voltage (AC or DC) in a circuit by the movement of a 
pointer (and vibration on some models). 


voltage unbalance (imbalance): The unbalance that 
occurs when voltages at the terminals of a motor or 
other 36 load are not equal. 


voltmeter: A test instrument that measures voltage. 
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volts/division (volts per division) control: The control 
on an oscilloscope that selects the height of the dis- 
played waveform. 


warning: A signal word that indicates a potentially 
hazardous situation which, if not avoided, could result 
in death or serious injury. 


wavelength: The distance covered by one complete cycle 
of a sound wave as the wave passes through air. 


wear-out period: The period of time after the useful 
life period of a piece of equipment ends and typical 
equipment failures occur. 


wire: An individual conductor. 


wireless communication: The sending and receiving 
of voice, data, and video signals without using wires 
or cables. 


wire map test: A basic test for testing circuits for open 
or short circuits, crossed pairs, reversed wires, and 
split pairs. 

wrap-around bar graph: A bar graph that displays a 
fraction of the full range on the graph at one time. 


Test Instruments 


absolute pressure, 318 
AC current measurement procedures, 160 
accuracy specification, 307, 308 
AC voltage measurement procedures, 159—160, 
171—172. 172, 194—196, 196. See also voltage 
change measurement meters 
air velocity test instrument and meter measurement 
procedures, 323 
air velocity test instruments and meters, 321—323, 323 
units of measurement, 321 
ammeters, 69-81 
clamp-on, 69, 70, 71-75 
applications, 72-73 
measurement procedures, 74, 75 
vs. multimeters with clamp-on current probes, 70 
in-line, 75—79 
measurement procedures, 76—79 
AC, 76-77 
DC, 78,78—79 
arc blast, 25, 33-34 
PPE protection for, 34 
safety, 33—34 
arc flash, 33 
PPE protection for, 34 
safety, 33-34 
atmospheric pressure, 317 
attenuation test, 109 


barometric pressure, 317 
branch circuit identifiers, 351—352, 352 
British thermal unit (Btu), 309 


cable, defined, 99 
cable failure, causes, 105, /06 
cable fault analyzer measurement procedures, 121, /22 
cable fault analyzers, 120—121 
cable fault finder, 113—115, //4 
cable faults, 115—116 
crossed (transposed) cable pair, 115 
open wire, 115 
reversed wire pair, 116 
shorted wire, 115 
split wire pair, 116 
cable height measurement procedures, 271, 272 
cable height meters, 271 
cable length meters, 111—113 
cable length test, 108 
cable map tester, 113—115 
calorie, 309 
Canadian Standards Association, 27 
capacitive leakage current, 66, 67 
CAT ratings, 25-26, 26 
Celsius temperature scale, 310—311, 313 
circuit analyzers, 53 
measurement procedures, 53, 54 
clamp-on ammeters, 72 
clamp-on ground resistance measurement procedures, 
254—255 
clamp-on ground resistance meters, 252 
clamp-on leakage current ammeter measurement proce- 
dures, 241-242 
clamp-on leakage current meters, 239—242 
coaxial cable tester measurement procedures, 7/6 
coaxial cable testers, 116 
communication cable, 99—104 
communication cable bundle color code designations, 
103, 104 
communication cable category (CAT) rating, | 701, 
101—102 
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communication cable color codes, 102, /03 
communication cable mechanical arrangement number- 
ing system, 104 
communication problems, 105—110 
conductive leakage current, 66, 67 
conductivity measurement procedure, 325 
conductivity test instrument and meter measurement 
procedures, 325 
conductivity test instruments and meters, 324—325 
conductor, defined, 99 
conductor color coding, /42 
conductor insulation, 271 
contact high voltage meters, 274—275, 276 
contact tachometer measurement procedures, 338—339 
continuity test, 127 
continuity testers, 57—59 
advantages/disadvantages, 57 
applications, 58 
measurement procedures, 58—59, 59 
cord, defined, 99 
crosstalk, 97 
current measurement analysis, 79,80 
current unbalance, 79—81, 87, 149 
current unbalance measurement procedures, 81, 150 


danger tag, 31 
DC voltage measurement procedures 
with handheld oscilloscope, 202, 203 
delay skew test, 110 
dielectric absorption test measurement procedures, 
297—299 
differential pressure, 318 
digital logic probe measurement procedures, 212—213 
digital logic probes, 210-214, 2/2 
double-insulated devices, 281, 282 


earth resistance, 258, 259 
electrical power system, defined, 133 
electrical service equipment grounding, 247—250 
electrical shock, 27-30, 29 
handling a victim of, 28—29 
electromagnetic interference (EMI), 107, 123 


electromagnetic spectrum, 333 
electrostatic discharge (ESD) measurement procedures, 
245 
electrostatic discharge (ESD) meters, 243—245 
electrostatic discharge wrist strap, 244 
electrostatic locator meter measurement procedures, 
246 
emergencies, 373 
environmental test instruments, 348—351 
equipment grounding conductor (EGC), 247 
equipment lifetime, 369-371, 37/ 
break-in period, 369—371 
useful life, 369 


Fahrenheit, 313 
Fahrenheit temperature scale, 310—311 
Fall-of-Potential method, 260 
fiber optic cable attenuation measurement procedures, 
124-125 
fiber optic fault analyzers, 122, 129 
fiber optic microscopes, 122, 125 
testing procedures, 125 
fiber optics, 122—130 
cable, 122-124, /23 
DMM test attachments, 124—125, 125 
loose tube, 123, 124 
signal loss, 724 
tight-buffered, 123, 124 
testing procedure, 130 
test instruments, 122—130 
fiber optic visual fault locators, 129—130 
flash protection boundary, 34 
flow measurement applications, 320 
flow test instrument and meter measurement procedures, 
Sx 
flow test instruments and meters, gen cao 
four-pole ground resistance measurement procedure, 
265, 266 
four-pole ground resistance tester, 264 
frequency, 185—189 
carrier, 199 
frequency measurements, 187 
fundamental, 199 
frequency counters, 186 
frequency measurement procedures 
with digital multimeter, 188—189, /89 


with frequency meter, 187, /88 
with oscilloscope, 197—202, 198 
frequency meters, 186 


gas and refrigerant handling safety rules, 327—328 

gas and refrigerant leak test instrument and meter mea- 
surement procedures, 328-329 

gas and refrigerant test instruments and meters, 326— 


329 

gas detector and meter measurement procedures, 
349—350 

gas detectors and meters, 348 


gases 
combustible gas levels, 348 
toxic gas levels, 348 
typically measured, 348 
gauge pressure, 317,318 
general resistance rule of thumb, 280, 281 
graphic displays, 156 
ground continuity and bond testing, 300—301 
ground fault currents, measuring. 239—242, 240 
ground fault current monitors, 239 
grounding, 30, 37, 233—238 
types of, 235—238 
building, 235—237 
electronic, 238 
equipment, 238 
grounding conductor, 140, 141 
grounding electrode conductor (GEC), 247 
grounding electrode resistance factors, 262—203, 263 
grounding system measurements, 252—257 
resistance, 256, 256—259 
four-pole, 264—268 
three-pole, 260—263 
grounding systems, 235, 253 
ground loops, 247, 249 
ground test instruments, 234 


handheld programming terminal, 361 
harmonic measurement procedures, 178 
harmonics, 175-178 

high voltage phasing testers, 277, 278 
high voltage systems, testing, 269—278 
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high voltage test probes, 276, 277 
high voltage voltmeter accessory, 269 
hipot insulation testing, 290—293 
hipot test, 290 

hipot testers, 288, 289 

hipot testing, 290—292 


AC, 292 
ACorDC, 291 
DC, 291-292 


hipot test voltages, 293 

humidity test instrument measurement procedures, 3/5, 
315-316 

humidity test instruments and meters, 314—316 


illumination, 335 
impedance test, 110 
independent testing organizations, 27, 28 
infrared meter, 162, 163 
inspection camera inspection procedures, 345 
instrumentation, 303—308 
and process control, 304—305 
insulation resistance, testing, 279, 279—282 
kinds of tests, 283 
acceptance tests, 286 
design tests, 284 
fault locating tests, 288 
preventive maintenance tests, 287 
production tests, 284—286 
verification tests, 287 
reasons for, 283-288 
insulation spot-test measurement procedures, 295—297, 
296 
insulation step voltage test measurement procedures, 299 
International Electrotechnical Commission (IEC), 24, 27 


K ratings (of transformers), 162 


lamps, 335 
low-pressure sodium, 334 
special purpose, 333 
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laser measuring meter measurement procedures, 355, 
356 
laser measuring meters, 354—356 
laser tachometer measuring procedures, 347, 341—342 
leakage current, 280, 281 
leakage current meters 
clamp-on, 239 
leak detectors, 326, 326—327 
electronic, 327, 329 
шке зо 
fluorescent, 327 
halide torch, 327 
light. See also electromagnetic spectrum 
defined, 331 
direct, 435 
indirect, 335 
invisible, 333 
visible, 331, 333, 334 
light dispersion measurement, 128—129 
light levels 
recommended, 332 
light meter measurement procedures, 335 
light meters, 331—335 
load types, 153—156 
linear loads, 154 
nonlinear loads, /55, 155—156 
single-phase, 156 
three-phase, 156 
lockout/tagout, 30—32, 31, 32, 33 
procedures, 32 
logic pulsers, 211 


main bonding jumper (MBJ), 247 
malfunctions, 372 
primary vs. secondary, 368 
measurements, 2—9 
area, 5 
basic, 2 
electrical 
safety precautions, 19—20 
errors, 11—19 
due to incorrect meter for application, 14, /6 
due to meter fuses, 13 
due to meter prefixes and symbols, 14 
due to meter range limits, 15 
due to switch settings, 11-13, /2 
frequency 
on variable frequency drives, 15, /7 


length, 2—3 
meter, 4 
metric system, 4 
temperature, 6-7 
time, 6-7,7 à 
and electrical measurements, 7 
weight, 4—5 
and lamp mountings, 6 
measuring insulation resistance, 288—289 
megohmmeter insulation resistance tests 
types of, 295 
dielectric absorption test, 295, 297-299 
insulation spot test, 295 
insulation step voltage test, 295, 299 
megohmmeter insulation testing, 293—299 
megohmmeters, 64—68, 288, 289, 293—295 
applications, 64—66 
measurement procedures, 68 
meter fuses, 13—14 
testing, 13, /4 
meters 
analog and digital, compared, 16—19 
micro-ohmmeter measurement procedures, 346—348, 
347 
micro-ohmmeters, 345—348, 346 
defined, 345-348 
motor rotation tester measurement procedures, /45 
multimeters, 81—93, 82, 345 
analog, 81,83-84 
reading, 84 
digital, 81, 84—93 
advanced features, 86 
capacitance measurement mode, 93 
diode test mode, 91, 92 
display, bar graph, 85, 86 
display, wrap-around, 87 
displays, 85-86 
measurement hold mode, 87 
MIN MAX recording mode, 88—90 
range mode, 87 
reading, 85 
relative mode, 88—89, 9/ 
multimeter attachments, 309 


National Electrical Code® (NEC®), 34, 233, 234 

National Electrical Manufacturers Association (NEMA), 
35 

National Fire Protection Association (NFPA), 34 


National Fire Protection Association (NFPA) Standard 
WOE, 21,22 

National Safety Council, 27 

NEC®. See National Electrical Code? (NEC?) 

neutral conductor, 141 

neutral to ground connections, 247, 248 

NEXT test, 109 

noise, 184 


noncontact flow test instrument and meter measurement 


procedures, 322 
noncontact high voltage ammeters, 278 
noncontact temperature measurement procedures, 3/4 
noncontact voltage detector measurement procedure, 
274 
noncontact voltage detectors, 274 


ohmmeters, 56, 56—68, 290 
applications, 60-61 
measurement procedures, 62 

Ohm's law, 66, 290 
for calculating current, 72, 279 
for calculating resistance, 68 

in parallel circuit, 195 
for calculating voltage, 742 

optical power measurement, 127—128 

optical time domain reflectometer (OTDR), 122, 128 

oscilloscopes, 189—202, 190 
adjustments, 192-193 
bandwidth, 191 
controls, 192—193 

time per division control, /95 
dual-trace, 192 
features, 190—191, /9/ 
sample rate, 190 
sweep, 191 
trace, 191 
OSHA.) 21k 30, 35, 233.271 


PC boards, 362 
component testing, 364 
component troubleshooting, 363 
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measuring voltage inputs and outputs, 363 
replacement, 363 
personal protective equipment (PPE), 21—24, 22, 35 
eye protection, 23-24, 24 
flame-resistant (FR) clothing, 23 
rubber insulating gloves, 22—23, 23 
phase marking, 141 
phase sequence measurement procedure, 143 
phase unbalance, 145 
phase unbalance measurement procedures, 146—147 
photo tachometer measurement procedures, 339—340, 
340 
power attenuation measurement, 128 
power factor, 179—184 
displacement power factor, 180 
poor power factor, 180 
power factor measurement procedures, 182—184 
power interruption measurement applications, 165 
power interruption measurement procedures, 166, /67, 
183 
power interruptions, 164—166 
momentary, 164 
sustained, 165 
temporary, 165 
power quality meter characteristics, 165, 166 
power quality meters, 166 
power quality problems, 133—135 
test instruments, 135 
phase sequence and motor rotation tester, 139 
power quality meters, 137 
three-phase power line problems, 138—153 
improper phase sequence, 138 
troubleshooting, 135—138, /36 
power triangle, /80 
pressure. See absolute pressure, barometric pressure, dif- 
fererential pressure, gauge pressure, vacuum 
pressure measurement units, 316 
pressure test instrument measurement procedures, 3/6, 
318-319 
pressure test instruments and meters, 316—319 
preventive maintenance, 362—363, 371, 372 
prints, paper, 372 
programmable controller, 361 
propagation delay test, 110 


radiation detectors and meters, 350 
radiation detectors and meters measurement procedures, 
350—351, 351 
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radio frequency interference (RFI), 107, 123 

receptacle grounding measurement procedures, 250, 
251 | 

receptacle ground measurements, 249 

receptacle testers, 46 

refrigerant leak detectors. See leak detectors 

resistance, defined, 345 

resistance measurement analysis, 63, 64 

resistance test, 108 

return loss test, 110 

RL test, 110 

rubber insulating matting, 29, 30 


safety labels, 9-11, 70 
caution, 9 
danger, 9 
electrical warning, 11 
explosion warning, 11 
warning, 9 
satellite finder meter, /32 
satellite finder meter measurement procedures, 131 
satellite strength meter, /32 
signal (function) generators, 203—206, 205 
signal gain measurements, 206 
silicon controlled rectifier testing procedures, 223, 
223—224 
single phasing, 151 
single phasing measurement procedures, 151—153, 
192 
soil pH measurement procedure, 266—268, 267 
soil resistance measurement, 264 
sound frequency, 206—207 
sound intensity, 207—209 
sound level (decibel) meters, 206—209, 2/0 
speed measurement. See tachometers 
Static electric charges, measuring, 242—245 
strobe tachometer measuring procedures, 342—343, 
343 
substitution, 360 
vs. testing, 360 
system analysis, 359 
system level troubleshooting, 358—360 
off-site, 360 
on-site, 360 
systems, 358 
electrical and electronic, 359 


tachometers, 336—343 
contact, 337, 338 
laser, 337, 341 
noncontact, 337 
photo, 337, 339 
strobe, 337, 342 
types of, 336, 337 
TDR, 771 
TDR test, 110 
telephone line testers, 119 
telephone or modem line tester measurement procedures, 
120 
telephone test, 109 
temperature, 310 
conversion, 310—311, 377 
temperature measurement procedures, 163, 764, 
313-314 
noncontact, 3/4 
temperature probes, 312—313 
contact, 312 
infrared, 313 
noncontact, 313, 3/4 
temperature problems, 161—163 
temperature scale 
absolute zero, 9. See also temperature scale: Kelvin, 
Rankine 
Celsius, 8 
centigrade, 8 
equivalents, 8 
Fahrenheit, 8 
Kelvin, 8,9 
Rankine, 9 
temperature test instruments and meters, 308—314 
testing solid-state switches 
three-wire, 230—232, 232 
two-wire, 227—231, 228, 229 
test instruments 
color coding, 42 
general use, 39—42 
abbreviations, 47 
symbols, 42 
terminology, 43 
multifunction. See multimeters 
test instrument safety standards, 24—30 
test instruments and meters 
calibration, 305-307, 307 
care of, 35—38 
care practices, 36—38 


carrying cases, 36 
portable vs. permanent, 305, 306 
single-function vs. multifunction, 308 
temperature, 308-314 
thermal conductivity, 310 
thermocouples, 313 
thermal imaging camera, 162 
thermometer 
invention of, 8 
thickness test instrument and meter measurement proce- 
dures, 329—330, 330 
three-pole ground resistance tester, 260 
three-pole ground resistance tester measurement proce- 
dures, 261, 202 
three-prong power cord devices, 282 
Three-Terminal method, 260 
thyristors, 219—224 
triggering methods, 220-223 
gate turn-on, 221 
static turn-on, 222 
thermal turn-on, 223 
voltage breakover turn-on, 221 
time domain reflectometer, 77/7 
time domain reflectometer test, 110 
tone and probe test, 109 
tone generator and amplifier probe testers, 117—118, 
118 
total harmonic distortion, 178 
transients, 173—175 
transient voltage measurement procedures, 173-175, 
174 
transient voltages, 24—25 
transistors 
NPN, 214, 215 
PNP, 214,215 
symbols, 214 
uses, 214 
as amplifiers, 217 
as switches, 215—216, 2/6 
transistor testing, 214—219 
transistor testing procedures, 2/8, 218—219 
transistor test instruments, 218 
triac testing procedure, 224 
troubleshooting 
defined, 357 
flow chart, 366 
levels, 357-358, 358 
board level, 361—362 
chip, 362 
component, 362 
equipment level, 360—361 
module level, 361—362 
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unit level, 360—361 
methods, 362-365 
by knowledge and experience, 364 
by manufacturer procedure, 365 
by plant procedures, 364 
personnel 
responsibilities, 371—373 
procedures, 365—369 
six-step, 366-368, 367 
application, 368 
documenting, 369 
log, 309,370 
troubleshooting mechanical switches, 225—227, 226 
twist rate, 113 
two-prong power cord devices, 281 


ultrasonic cable height tester, 271 
Underwriters Laboratories, 27 
uninterruptible power supplies, 156 
utility companies, 165 


vacuum, 318 

variable frequency drives, 199—202 

VDV abbreviations, 97 

VDV acronyms, 97, 98 

VDV conductors, 99, /00 

VDV conductors and cable, 99—104 

VDV system testing, 107—108 

VDV terminology, 97—98 

VDV testing, 96—97 

VDV test measurements, 108—110. See also individual 
tests 

vibration meter measurement procedures, 353, 354 

vibration meters, 353—354 

visual inspection test instrument measurement proce- 
dures, 344 

visual inspection test instruments, 344, 345. See also 
inspection camera inspection procedures 

voice-data-video. See VDV 

voice-data-video network systems, 96 

voltage change measurement meters, 170—171 

voltage changes, 167 

overvoltage, 169 
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undervoltage, 169 test lights, 44-47 

voltage fluctuations, 169 advantages/disadvantages, 45 

voltage sags, 169 _ applications, 45—46 

voltage swells, 169—170 measurement procedures, 46—47, 47 
voltage indicators, 47—50 voltage indicators, , 47—51 


advantages/disadvantages, 48 
applications, 48 

measurement procedures, 49—50 
voltage spikes. See transient voltages 
voltage surges, 24 

voltage testers, 50—52 
applications, 51 


measurement procedures, 52 warnings. See safety labels 
voltage unbalance, 55, 56, 148 wireless communication, 131—132 
voltage unbalance measurement procedures, 148—149 wire map test, 109 
voltmeters, 44—55, 270. See also circuit analyzers; wire map tester, 113—115, 114 


voltage indicators; voltage testers wire markers, 141 
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